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(54) FUNCTION GENERATION CIRCUIT, CRYSTAL OSCILLATION DEVICE, AND METHOD OF 
ADJUSTING THE CRYSTAL OSCILLATION DEVICE 



(57) A temperature compensating crystal oscillation 
device includes a constant voltage circuit (12) for out- 
putting a predetermined voltage independent of the 
ambient temperature, a temperature sensor circuit (13) 
for outputting a voltage in proportion to the ambient tem- 
perature, and a control circuit (14) for receiving the con- 
stant voltage output from the constant voltage circuit 
(12) and the voltage output in proportion to the temper- 
ature from the temperature sensor circuit (13) and for 
generating a control voltage (Vc) used for compensating 
a temperature characteristic of a quartz oscillator in the 
entire range of the ambient temperature through polyg- 
onal lines approximation of a negative cubic curve by 
using continuous lines. Furthermore, the crystal oscilla- 
tion device includes a VCXO (15) whose oscillation fre- 
quency is controlled to be a predetermined value by the 
control voltage (Vc), and a ROM/RAM circuit (16) for 
storing temperature compensating parameters used for 
compensation of a temperature characteristic of the 
control voltage (Vc) for optimizing the oscillation fre- 
quency of the VCXO (15). 
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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to a function generator for generating a control signal for compensating tem- 
perature dependency of an oscillation frequency output from a crystal oscillation device, a crystal oscillation device 
using the function generator and a method of adjusting the crystal oscillation device. 

BACKGROUND ART 

w 

[0002] Recently, there is a sharp rise in demand for portable electronic equipment, and a compact and accurate 
crystal oscillation device for generating a reference clock signal is indispensable to such electronic equipment 
[0003] The oscillation frequency of a crystal oscillator in a crystal oscillation device has a temperature characteristic 
including cubic and linear components derived from a quartz oscillator used in the crystal oscillator. Specifically, with 

15 the abscissa indicating the ambient temperature T a and the ordinate indicating the oscillation frequency f as is shown 
in Figure 26(a), the oscillation frequency f of a crystal oscillator whose temperature characteristic is not compensated 
is represented as a substantially cubic curve 101 with a difference of approximately 10 ppm through 30 ppm between 
the maximum value and the minimum value. Herein, the ambient temperature T a is assumed to be approximately -30°C 
through +80°C. Accordingly, when an ideal control voltage curve 1 02 as is shown in Figure 26(b), with the abscissa indi- 

20 eating the ambient temperature T a and the ordinate indicating a control voltage Vc, is generated and applied to the crys- 
tal oscillator, df/dT a can be zero and the oscillation frequency f can be substantially independent of the temperature as 
is shown in Figure 26(c). 

[0004] The temperature characteristic can be compensated, for example, as follows: A varactor diode (i.e., a varia- 
ble capacity diode) serving as a frequency adjustment device is connected with the crystal oscillator, and a control volt- 
25 age having a cubic and linear temperature characteristic for compensating the temperature characteristic of the crystal 
oscillator is applied to the varactor diode. Thus, the temperature characteristic of the oscillation frequency can be sta- 
bilized. 

[0005] Actually, it is technically very difficult to generate a control voltage Vc having the ideal temperature charac- 
teristic as is shown in Figure 26(b). Therefore, in general, a control voltage having a pseudo cubic temperature charac- 
30 teristic is generated by any of various methods so as attain the temperature compensation of the oscillation frequency. 
[0006] Now, a conventional temperature compensating crystal oscillation device disclosed in Japanese Laid-Open 
Patent Publication No. 8-288741 will be described with reference to accompanying drawings. 

[0007] Figure 27 shows the functional block configuration of the conventional temperature compensating crystal 
oscillation device. In the temperature compensation of this crystal oscillation device, the cubic and linear temperature 
35 characteristic of the crystal oscillator is divided into plural temperature regions, and voltages in the respective divided 
temperature regions represented as a function of the temperature are subjected to polygonal lines approximation to 
obtain temperature lines. 

[0008] Specifically, a memory 111 of Figure 27 stores each divided temperature region, a temperature coefficient 
(proportional coefficient) of the temperature line in the temperature region, and a voltage value at room temperature on 

40 the temperature line of each region of the voltage line. Voltage line data corresponding to the ambient temperature 
detected by a temperature sensor circuit 1 1 2 is selectively read from the memory 111, and a predetermined control volt- 
age is generated in an amplifier circuit 113 on the basis of the read control voltage data. The thus generated control 
voltage is applied to a voltage control crystal oscillator 114, so that the oscillation frequency can be stabilized through 
the temperature compensation of the oscillation frequency. 

45 [0009] Furthermore, as is shown in Figure 28(a), the temperature sensor circuit 112 performs the polygonal lines 
approximation by using A/D conversion. Therefore, frequency skip, namely, temporary discontinuity of the voltage lines, 
is caused between temperature regions as is shown in Figure 28(c). In order to avoid this frequency skip, a sample and 
hold circuit 115 is interposed between the amplifier circuit 113 and the voltage control crystal oscillator 114, so as to 
make the frequency vary smoothly with time. 

so [001 0] However, since such a conventional temperature compensating crystal oscillation device uses the A/D con- 
version for the polygonal lines approximation for generating the control voltage to be used for the temperature compen- 
sation, a quantum noise is unavoidably caused, and the frequency skip cannot be avoided in principle. Moreover, a 
clock signal generator is indispensable, and hence, there arises a problem of a clock noise. In addition, it disadvanta- 
geous^ takes time to stabilize the oscillation frequency after the actuation due to a time constant of the sample and hold 

55 circuit 115. 

[001 1 ] Furthermore, in measurement and adjustment of the temperature characteristic, the temperature character- 
istic of the oscillation frequency of the crystal oscillation device is measured with the ambient temperature changed dis- 
cretely in order to compensate the temperature characteristic. Therefore, an error can be caused in the adjustment 
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itself. In order to reduce the error, it is necessary to increase the number of the divided temperature regions, which 
leads to another problem that the storage capacity of the memory 11 1 is increased. 

[0012] The object of the invention is eliminating the frequency skip from the control voltage itself and easing the 
adjustment of the temperature compensation. 

DISCLOSURE OF INVENTION 

[001 3] In order to achieve the aforementioned object, a control voltage for temperature compensation is generated 
in this invention by using merely analog circuits free from frequency skip in principle. 

[0014] The function generator of this invention for generating a control signal as a function of a temperature, com- 
prises a first analog signal generating circuit for generating and outputting a predetermined analog signal independent 
of an ambient temperature; a second analog signal generating circuit for outputting an analog signal dependent upon 
the ambient temperature; and a control circuit for receiving the signal from the first analog signal generating circuit and 
the signal from the second analog signal generating circuit, and for generating, with a feasible range of the ambient tem- 
perature continuously divided into a first temperature region, a second temperature region, a third temperature region, 
a fourth temperature region and a fifth temperature region in this order along a direction from a low temperature to a 
high temperature, control signals respectively corresponding to the five temperature regions, wherein the control circuit 
outputs a first control signal whose output value is varied in proportion to increase of the temperature at a first change 
rate when the ambient temperature is in the first temperature region; a second control signal whose output value is con- 
tinuous with the first control signal and is a predetermined value independent of the temperature when the ambient tem- 
perature is in the second temperature region; a third control signal whose output value is continuous with the second 
control signal and is varied in proportion to increase of the temperature at a second change rate when the ambient tem- 
perature is in the third temperature region; a fourth control signal whose output value is continuous with the third control 
signal and is a predetermined value independent of the temperature when the ambient temperature is in the fourtfrtem- 
perature region; and a fifth control signal whose output value is continuous with the fourth control signal and is varied 
in proportion to increase of the temperature at a third change rate having the same polarity as the first change rate. 
[001 5] Thus, the function generator of this invention includes the first analog signal generating circuit for generating 
and outputting the predetermined analog signal independent of the ambient temperature, the second analog signal 
generating circuit for generating and outputting the analog signal dependent upon the ambient temperature and the 
control circuit for receiving the signal from the first analog signal generating circuit and the signal from the second ana- 
log signal generating circuit and for generating the control signals continuously corresponding to the entire regions 
ranging from the low temperature to the high temperature. Accordingly, although the ambient temperature is divided into 
the five regions, the frequency skip is not caused in the vicinity of the boundary between the regions, resulting in attain- 
ing good appr6ximation with a small approximation error. Moreover, since the function generator includes the analog 
circuits alone, a clock generator is not required differently from a digital circuit, and hence, a clock noise can also be 
avoided. 

[0016] Furthermore, when the ambient temperature is in the first temperature region, the first control signal whose 
output value is varied in proportion to the increase of the temperature at the first change rate is output; when the ambi- 
ent temperature is in the second temperature region, the second control signal having the predetermined value inde- 
pendent of the temperature is output; when the ambient temperature is in the third temperature region, the third control 
signal whose output value is varied in proportion to the temperature at the second change rate is output; when the ambi- 
ent temperature is in the fourth temperature region, the fourth control signal having the predetermined value independ- 
ent of the temperature is output; and when the ambient temperature is in the fifth temperature region, the fifth control 
signal whose output value is varied in proportion to the temperature at the third change rate having the same polarity 
as the first change rate is output. Accordingly, the temperature function having a positive cubic component can be com- 
pensated through polygonal lines approximation using five straight lines. As a result, even though the number of lines 
used in the approximation is five and comparatively small, the approximation can be sufficiently performed. Therefore, 
the number of combinations of adjustment parameters such as proportional coefficients and constants of the lines used 
in the polygonal lines approximation can be decreased, and hence, the adjustment of the respective temperature func- 
tions to be compensated can be eased. 

[001 7] Preferably, in the function generator, the analog signal is a voltage signal, the first and third change rates are 
negative rates, and the second change rate is a positive rate. In this manner, the temperature function having the pos- 
itive cubic component can be definitely compensated by the polygonal lines approximation using the five lines. Further- 
more, when the voltage signal is used as a control signal for a voltage control crystal oscillating circuit controlled to have 
an oscillation frequency of a predetermined value through voltage control, a desired oscillation frequency whose 
dependency on the ambient temperature is negligible can be definitely obtained. 

[0018] Preferably, in the function generator, on a graph of the first control signal, the second control signal, the third 
control signal, the fourth control signal and the fifth control signal for representing a temperature characteristic of a 
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quartz oscillator against the ambient temperature, the first control signal and the fifth control signal are point-symmet- 
rical about a coordinate point on the graph determined by a temperature of an inflection point of an oscillation frequency 
of the quartz oscillator and a value of the third control signal at the temperature of the inflection point, the second control 
signal and the fourth control signal are point-symmetrical about the coordinate point, and the third control signal is 
point-symmetrical about the coordinate point. In this manner, the number of the combinations of the adjustment param- 
eters such as the proportional coefficients and the constants of the lines used in the polygonal lines approximation can 
be further decreased, and hence, the adjustment of the respective temperature functions to be compensated can be 
further eased. 

[001 9] Preferably, the function generator further comprises storage means, wherein when the ambient temperature 
is in the first temperature region, the storage means has a first proportion value for defining a relationship between a 
proportional coefficient between a temperature used for generating the first control signal and the output value thereof 
and a cubic coefficient of a temperature characteristic of an oscillation frequency of a quartz oscillator, and the first pro- 
portion value is output to the control circuit, when the ambient temperature is in the second temperature region, the stor- 
age means has a second proportion value for defining a relationship between a constant between a temperature used 
for generating the second control signal and the output value thereof and the cubic coefficient, and the second propor- 
tion value is output to the control circuit, when the ambient temperature is in the third temperature region, the storage 
means has a third proportion value for defining a relationship between a proportional coefficient between a temperature 
used for generating the third control signal and the output value thereof and the cubic coefficient, and the third propor- 
tion value is output to the control circuit, when the ambient temperature is in the fourth temperature region, the storage 
means has a fourth proportion value for defining a relationship between a constant between a temperature used for 
generating the fourth control signal and the output value thereof and the cubic coefficient, and the fourth proportion 
value is output to the control circuit, when the ambient temperature is in the fifth temperature region, the storage means 
has a fifth proportion value for defining a relationship between a proportional coefficient between a temperature used 
for generating the fifth control signal and the output value thereof and the cubic coefficient, and the fifth proportion value 
is output to the control circuit, and the storage means stores the first proportion value, the second proportion value, the 
third proportion value, the fourth proportion value and the fifth proportion value. In this manner, in the adjustment of a 
cubic temperature coefficient of a quartz oscillator, circuit constants corresponding to the proportional coefficients of the 
lines and circuit constants corresponding to the constants of the lines can be set in a batch. Therefore, fluctuations of 
a cubic temperature coefficient and a linear temperature coefficient derived from the AT cut angle of a quartz oscillator 
and fluctuation of the absolute value of the oscillation frequency can be easily and definitely adjusted. 
[0020] Preferably, in the function generator, the control circuit includes a first NPN transistor whose collector is sup- 
plied with a supply voltage, whose base is supplied with a first electric signal decreasing in proportion to the ambient 
temperature and whose emitter is connected with an input of a first current source; a second NPN transistor whose col- 
lector is supplied with the supply voltage, whose base is supplied with a second electric signal retaining a predeter- 
mined value independent of the ambient temperature and whose emitter is connected with the input of the first current 
source; a third NPN transistor whose collector is supplied with the supply voltage, whose base is supplied with a third 
electric signal increasing in proportion to the ambient temperature and whose emitter is connected with the input of the 
first current source; a fourth NPN transistor whose collector and base are connected with an output of a second current 
source having a current value a half as large as a current value of the first current source and whose emitter is con- 
nected with the input of the first current source; a first PNP transistor whose base is connected with the collector of the 
fourth NPN transistor, whose emitter is connected with an output of a third current source and whose collector is 
grounded; a second PNP transistor whose base is supplied with a fourth electric signal retaining a predetermined value 
independent of the ambient temperature, whose emitter is connected with the output of the third current source and 
whose collector is grounded; a third PNP transistor whose base is supplied with a fifth electric signal decreasing in pro- 
portion to the ambient temperature, whose emitter is connected with the output of the third current source and whose 
collector is grounded; and a fourth PNP transistor whose emitter is connected with the output of the third current source 
and whose collector and base are connected with an input of a fourth current source having a current value a hail as 
large as a current value of the third current source, the fourth NPN transistor selects an electric signal having a maxi- 
mum voltage value among the first electric signal, the second electric signal and the third electric signal and outputs the 
selected electric signal at the collector thereof as a sixth electric signal, the fourth PNP transistor selects an electric sig- 
nal having a minimum voltage value among the fourth electric signal, the fifth electric signal and the sixth electric signal 
and outputs the selected electric signal at the collector thereof as a seventh electric signal, and the control circuit out- 
puts the seventh electric signal as the control signal. In this manner, the control signal can be definitely generated by 
using the analog signals alone. 

[0021 ] Preferably, in the function generator, a first resistance is serially connected between the emitter of the first 
NPN transistor and the first current source, a second resistance is serially connected between the emitter of the second 
NPN transistor and the first current source, a third resistance is serially connected between the emitter of the third NPN 
transistor and the first current source, a fourth resistance is serially connected between the emitter of the fourth NPN 
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transistor and the first current source, a fifth resistance is serially connected between the emitter of the first PNP tran- 
sistor and the third current source, a sixth resistance is serially connected between the emitter of the second PNP tran- 
sistor and the third current source, a seventh resistance is serially connected between the emitter of the third PNP 
transistor and the third current source, and an eighth resistance is serially connected between the emitter of the fourth 
5 PNP transistor and the third current source. In this manner, connecting portions of the control signals in the boundaries 
between the temperature regions can be smoothed, and hence, even though the polygonal lines approximation is 
adopted, the approximation error at the connecting portion can be made small. 

[0022] The crystal oscillation device of this invention comprises a first analog signal generating circuit for generat- 
ing and outputting a predetermined analog signal independent of an ambient temperature; a second analog signal gen- 
re erating circuit for generating and outputting an analog signal dependent upon the ambient temperature; a control circuit 
for receiving the signal from the first analog signal generating circuit and the signal from the second analog signal gen- 
erating circuit, and for generating, with a feasible range of the ambient temperature continuously divided into a first tem- 
perature region, a second temperature region, a third temperature region, a fourth temperature region and a fifth 
temperature region in this order along a direction from a low temperature to a high temperature, control signals respec- 
15 tively corresponding to the five temperature regions; and a crystal oscillating circuit for receiving a control signal from 
the control circuit so as to be controlled to have an oscillation frequency at a predetermined value by the control signal, 
wherein the control circuit compensates a temperature dependency of the oscillation frequency output by the crystal 
oscillating circuit by outputting a first control signal whose output value is decreased in proportion to increase of the 
temperature when the ambient temperature is in the first temperature region; a second control signal whose output 
20 value is continuous with the first control signal and is a predetermined value independent of the temperature when the 
ambient temperature is in the second temperature region; a third control signal whose output value is continuous with 
the second control signal and is increased in proportion to increase of the temperature when the ambient temperature 
is in the third temperature region; a fourth control signal whose output value is continuous with the third control signal 
and is a predetermined value independent of the temperature when the ambient temperature is in the fourth tempera- 
25 ture region; and a fifth control signal whose output value is continuous with the fourth control signal and is decreased 
in proportion to increase of the temperature when the ambient temperature is in the fifth temperature region. 
[0023] The crystal oscillation device of this invention includes the first analog signal generating circuit for generating 
and outputting the predetermined analog signal independent of the ambient temperature, the second analog signal 
generating circuit for generating and outputting the analog signal dependent upon the ambient temperature, and the 
30 control circuit for receiving the signal from the first analog signal generating circuit and the signal from the second ana- 
log signal generating circuit and for generating the control signals continuously corresponding to the entire regions 
ranging from the low temperature and the high temperature. Accordingly, even when the ambient temperature is divided 
into the five regions, the frequency skip is not caused in the vicinity of the boundary between the regions, resulting in 
attaining good approximation. Moreover, when the ambient temperature is in the first temperature region, the first con- 
35 trol signal whose output value is decreased in proportion to the increase of the temperature is output; when the ambient 
temperature is in the second temperature region, the second control signal having the predetermined value independ- 
ent of the temperature is output; when the ambient temperature is in the third temperature region, the third control signal 
whose output value is varied in proportion to the temperature is output; when the ambient temperature is in the fourth 
temperature region, the fourth control signal having the predetermined value independent of the temperature is output; 
40 and when the ambient temperature is in the fifth temperature region, the fifth control signal whose output value is 
decreased in proportion to the increase of the temperature is output. Accordingly, the temperature function having a 
positive cubic component can be compensated through the polygonal lines approximation using five straight lines. 
[0024] Preferably, in the crystal oscillation device, on a graph of the first control signal, the second control signal, 
the third control signal, the fourth control signal and the fifth control signal for representing a temperature characteristic 
45 of a quartz oscillator against the ambient temperature, the first control signal and the fifth control signal are point-sym- 
metrical about a coordinate point on the graph determined by a temperature of an inflection point of an oscillation fre- 
quency of the quartz oscillator and a value of the third control signal at the temperature of the inflection point, the 
second control signal and the fourth control signal are point-symmetrical about the coordinate point, and the third con- 
trol signal is point-symmetrical about the coordinate point. In this manner, the number of the combinations of the adjust- 
so ment parameters such as the proportional coefficients and the constants of the lines used in the polygonal lines 
approximation can be further decreased, resulting in further easing the adjustment of the respective temperature func- 
tions to be compensated. 

[0025] Preferably, the crystal oscillation device further comprises storage means, wherein when the ambient tem- 
perature is in the first temperature region, the storage means has a first proportion value for defining a relationship 
55 between a proportional coefficient between a temperature used for generating the first control signal and the output 
value thereof and a cubic coefficient of a temperature characteristic of an oscillation frequency of a quartz oscillator, 
and the first proportion value is output to the control circuit, when the ambient temperature is in the second temperature 
region, the storage means has a second proportion value for defining a relationship between a constant between a tem- 
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perature used for generating the second control signal and the output value thereof and the cubic coefficient, and the 
second proportion value is output to the control circuit, when the ambient temperature is in the third temperature region, 
the storage means has a third proportion value for defining a relationship between a proportional coefficient between a 
temperature used for generating the third control signal and the output value thereof and the cubic coefficient, and the 
5 third proportion value is output to the control circuit, when the ambient temperature is in the fourth temperature region, 
the storage means has a fourth proportion value for defining a relationship between a constant between a temperature 
used for generating the fourth control signal and the output value thereof and the cubic coefficient, and the fourth pro- 
portion value is output to the control circuit, when the ambient temperature is in the fifth temperature region, the storage 
means has a fifth proportion value for defining a relationship between a proportional coefficient between a temperature 
w used for generating the fifth control signal and the output value thereof and the cubic coefficient, and the fifth proportion 
value is output to the control circuit, and the storage means stores the first proportion value, the second proportion 
value, the third proportion value, the fourth proportion value and the fifth proportion value. In this manner, in the adjust- 
ment of a cubic temperature coefficient of a quartz oscillator, circuit constants corresponding to the proportional coeffi- 
cients of the lines and circuit constants corresponding to the constants of the lines can be set in a batch. As a result, 
75 fluctuations of a cubic temperature coefficient and a linear temperature coefficient derived from the AT cut angle of a 
quartz oscillator and fluctuation of the absolute value of the oscillation frequency can be easily and definitely adjusted. 
[0026] Preferably, in the crystal oscillation device, the control circuit includes a first NPN transistor whose collector 
is supplied with a supply voltage, whose base is supplied with a first electric signal decreasing in proportion to the ambi- 
ent temperature and whose emitter is connected with an input of a first current source; a second NPN transistor whose 
collector is supplied with the supply voltage, whose base is supplied with a second electric signal retaining a predeter- 
mined value independent of the ambient temperature and whose emitter is connected with the input of the first current 
source; a third NPN transistor whose collector is supplied with the supply voltage, whose base is supplied wfth a third 
electric signal increasing in proportion to the ambient temperature and whose emitter is connected with the input of the 
first current source; a fourth NPN transistor whose collector and base are connected with an output of a second current 
source having a current value a half as large as a current value of the first current source and whose emitter is con- 
nected with the input of the first current source; a first PNP transistor whose base is connected with the collector of the 
fourth NPN transistor, whose emitter is connected with an output of a third current source and whose collector is 
grounded; a second PNP transistor whose base is supplied with a fourth electric signal retaining a predetermined value 
independent of the ambient temperature, whose emitter is connected with the output of the third current source and 
so whose collector is grounded; a third PNP transistor whose base is supplied with a fifth electric signal decreasing in pro- 
portion to the ambient temperature, whose emitter is connected wfth the output of the third current source and whose 
collector is grounded; and a fourth PNP transistor whose emitter is connected with the output of the third current source 
and whose collector and base are connected with an input of a fourth current source having a current value a half as 
large as a current value of the third current source, the fourth NPN transistor selects an electric signal having a maxi- 
35 mum voltage value among the f irst electric signal, the second electric signal and the third electric signal and outputs the 
selected electric signal at the collector thereof as a sixth electric signal, the fourth PNP transistor selects an electric sig- 
nal having a minimum voltage value among the fourth electric signal, the fifth electric signal and the sixth electric signal 
and outputs the selected electric signal at the collector thereof as a seventh electric signal, and the control circuit out- 
puts the seventh electric signal as the control signal. In this manner, the control signal can be definitely generated by 
40 using the analog signals alone. 

[0027] Preferably, in the crystal oscillation device, a first resistance is serially connected between the emitter of the 
first NPN transistor and the first current source, a second resistance is serially connected between the emitter of the 
second NPN transistor and the first current source, a third resistance is serially connected between the emitter of the 
third NPN transistor and the first current source, a fourth resistance is serially connected between the emitter of the 
45 fourth NPN transistor and the first current source, a fifth resistance is serially connected between the emitter of the first 
PNP transistor and the third current source, a sixth resistance is serially connected between the emitter of the second 
PNP transistor and the third current source, a seventh resistance is serially connected between the emitter of the third 
PNP transistor and the third current source, and an eighth resistance is serially connected between the emitter of the 
fourth PNP transistor and the third current source. In this manner, connecting portions of the control signals in the 
so boundaries between the temperature regions can be smoothed, and hence, even though the polygonal lines approxi- 
mation is adopted, the approximation error at the connection portion can be made small. 

[0028] Preferably, the crystal oscillation device further comprises a RAM circuit for storing parameters, for compen- 
sating the temperature dependency of the oscillation frequency of the crystal oscillating circuit, of the first through fifth 
control signals output by the control circuit, with varying each of the parameters with regard to each of the control sig- 
55 nals; and a programmable ROM circuit for storing optimal parameters of the parameters with regard to each of the con- 
trol signals. In this manner, the control signals can be adjusted with appropriately varying externally input data of the 
RAM circuit on each of the control signals and an optimal control signal characteristic can be detected. In addition, the 
detected optimal data can be read, after writing them in a PROM circuit, under actual use conditions, so as to confirm 
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that a control signal in accordance with the ambient temperature can be definitely output. 

[0029] Preferably, the crystal oscillation device further comprises optimizing means for optimizing the control sig- 
nals output by the control circuit independently of one another and in accordance with a cubic temperature coefficient, 
a linear temperature coefficient, a frequency difference from a reference frequency at a temperature of an inflection 

5 point and the temperature of the inflection point of the temperature dependency of the oscillation frequency of the crys- 
tal oscillating circuit. In this manner, the temperature dependency of the oscillation frequency of each quartz oscillator 
can be definitely coped with, resulting in improving the approximation characteristic of the temperature compensation. 
[0030] The method of this invention of adjusting a crystal oscillation device is adopted in a crystal oscillation device 
including a first analog signal generating circuit for generating and outputting a predetermined analog signal independ- 

10 ent of an ambient temperature; a second analog signal generating circuit for generating and outputting an analog signal 
dependent upon the ambient temperature; a control circuit for receiving the signal from the first analog signal generat- 
ing circuit and the signal from the second analog signal generating circuit, and for generating, with a feasible range of 
the ambient temperature continuously divided into a first temperature region, a second temperature region, a third tem- 
perature region, a fourth temperature region and a fifth temperature region in this order along a direction from a low 

75 temperature to a high temperature, control signals respectively corresponding to the five temperature regions; a crystal 
oscillating circuit for receiving a control signal from the control circuit so as to be controlled to have an oscillation fre- 
quency at a predetermined value by the control signal; a RAM circuit for storing parameters, for compensating a tem- 
perature dependency of the oscillation frequency of the crystal oscillating circuit, of the first through fifth control signals 
output by the control circuit, with varying each of the parameters with regard to each of the control signals; and a pro- 

20 grammable ROM circuit for storing optimal parameters of the parameters with regard to each of the control signals, the 
control circuit outputting a first control signal whose output value is decreased in proportion to increase of the temper- 
ature when the ambient temperature is in the first temperature region; a second control signal whose output value is 
continuous with the first control signal and is a predetermined value independent of the temperature when the ambient 
temperature is in the second temperature region; a third control signal whose output value is continuous with the sec- 

25 ond control signal and is increased in proportion to increase of the temperature when the ambient temperature is in the 
third temperature region; a fourth control signal whose output value is continuous with the third control signal and is a 
predetermined value independent of the temperature when the ambient temperature is in the fourth temperature region; 
and a fifth control signal whose output value is continuous with the fourth control signal and is decreased in proportion 
to increase of the temperature when the ambient temperature is in the fifth temperature region, and the method com- 

30 prises a peculiar parameter determining step of determining peculiar parameters by allowing the crystal oscillation 
device to stand at a temperature continuously varying from the first temperature region to the fifth temperature region 
and by calculating parameters of the control signals respectively corresponding to a cubic temperature coefficient, a lin- 
ear temperature coefficient, a frequency difference from a reference frequency at a terrperature of an inflection point 
and the temperature of the inflection point of the temperature characteristic of the crystal oscillating circuit so as to 

35 make variation of the oscillation frequency output by the crystal oscillating circuit caused by the temperature substan- 
tially zero; an initial parameter determining step of determining initial parameters by measuring an initial temperature 
characteristic of the control signals output by the control circuit and by calculating the parameters of the control signals 
respectively corresponding to the cubic temperature coefficient, the linear temperature coefficient, the frequency differ- 
ence from the reference frequency at the temperature of the inflection point and the temperature of the inflection point; 

40 and an optimal parameter writing step of obtaining change amounts of the control signals per unit of data corresponding 
to temperature compensating parameters stored in the RAM circuit by measuring a change amount of the initial tem- 
perature characteristic with changing the data corresponding to the temperature compensating parameters, obtaining 
differences between the initial parameters and the peculiar parameters, determining optimal parameters of the control 
signals so as to minimize the differences on the basis of the change amounts of the control signals per unit of the data, 

45 and writing the optimal parameters in the ROM circuit. 

[0031] According to the method of this invention of adjusting a crystal oscillation device, each peculiar parameter 
of the control signal is determined, by allowing the crystal oscillation device to stand at a temperature continuously 
changing from the first temperature region to the fifth temperature region, so that the variation of the oscillation fre- 
quency output by the crystal oscillating circuit caused by the change of the temperature can be substantially zero. After 

so determining each initial parameter of the control signal, by measuring the change amount of the initial temperature 
characteristic with changing data corresponding to the temperature compensating parameter stored in the RAM circuit, 
the change amount of the control signal per unit of the data corresponding to the temperature compensating parameter 
is obtained. After obtaining the difference between the initial parameter and the peculiar parameter, the optimal param- 
eter of the control signal is determined on the basis of the change amount of the control signal per unit of the data so 

55 as to make the difference small. Accordingly, the fluctuation of the AT cut angle of a quartz oscillator, offset fluctuation 
of the oscillation frequency, and the fluctuation of the temperature of an inflection point can be easily and definitely 
adjusted with regard to each crystal oscillation device. Moreover, since the ambient temperature is divided into five 
regions and polygonal lines approximation using five lines is adopted, the number of the temperature characteristic 



7 



EP 0 998 022 A1 

compensating parameters can be small. As a result, the circuit scale of the RAM circuit and the ROM circuit can be 
made small, and hence, the entire device can easily attain compactness. 

BRIEF DESCRIPTION OF DRAWINGS 
[0032] 

Figure 1 is a functional block diagram for showing a temperature compensating crystal oscillation device according 
to a first embodiment of the invention ; u 

Figure 2 is a circuit diagram of a voltage control crystal oscillating circuit of the temperature compensating crystal 
oscillation device of the first embodiment; y ' 

Figure 3 is a circuit diagram of a constant voltage circuit and a temperature sensor circuit of the temperature com- 
pensating crystal oscillation device of the first embodiment; 

Figure 4 is a detailed circuit diagram of the constant voltage circuit of the temperature compensating crystal oscil- 
lation device of the first embodiment; a y 

Figure 5 is a detailed circuit diagram of the temperature sensor circuit of the temperature compensating crystal 
oscillation device of the first embodiment; «*u"g crysiai 

Rgure 6 is another circuit diagram of the constant voltage circuit and the temperature sensor circuit of the temper- 
ature compensating crystal oscillation device of the first embodiment; 

Figure 7 is another detailed circuit diagram of the constant voltage circuit of the temperature compensating crystal 
oscillation device of the first embodiment; 

Figure 8 is another detailed circuit diagram of the temperature sensor circuit of the temperature compensating crys- 
tal oscillation device of the first embodiment; a y 
Figure 9 is another detailed circuit diagram of the temperature sensor circuit of the temperature compensating crys- 
tal oscillation device of the first embodiment; a ' 

n* re ( 1 i iS ^!l ailed CifCUit dia9ram ° f 3 COntro1 circuit rt the tem Perature compensating crystal oscillation device 
or trie Tirst embodiment; 

Figures 11 (a) through 1 1 (c) show compensation of an oscillation frequency of the voltage control crystal oscillatinq 
crcu.t us.ng a contrd voltage in the temperature compensating crystal oscillation device of the first embodiment 
wherem Figure 11(a) is a graph for showing the ambient temperature dependency of the oscillation frequency 
^tenperalu 1 .c«^^ 

control vortage used for the temperature compensation output by the control circuit and Figure 11(c) is a graph for 
showing the ambient temperature dependency of a difference between the oscillation frequency and a reference 
frequency attained by applying the control voltage to the voltage control crystal oscillating circuit 
Rgure 1 2 is a graph for showing the ambient temperature dependency of the control voltage to be used for the tem- 
SS^^Tr^St^'" 9 ^ " neS appr ° ximation in * e temperature compensating crystal oscillation 

dlSS lll^;^** 9 ™ ° f 3 ROM/RAM drCUit ° f * e temp6ralUre crystal oscillation 

2££ c^^iZJS input to *• R0M/RAM circurt * - temperature compensatin9 

Figure 15 is a detailed circuit diagram of a control circuit of a temperature compensating crystal oscillation device 
according to a first modification of the first embodiment; wwnmwn aevice 

Figures 16(a) through 16(c) show compensation of an oscillation frequency of a voltage control crystal oscillating 
circuit using a control voltage in a temperature compensating crystal oscillation device according to a second mod 
rf.cat.on of the first embodiment, wherein Figure 16(a) is a graph for showing the ambient temperature dependency 
of the osc.llat.on frequency before temperature compensation. Figure 16(b) is a graph for showing the ambient tem- 
perate dependency of the control voltage to be used for the temperature compensation oulput by a control circuit 
and Figure 16(c) is a graph for showing the ambient temperature dependency of a difference between the oscilla- 
oSlteSgd^iit 3 nCe frequenc * attained bv aPPlying the control voltage to the voltage control crystal 

Rgures 17(a) through 17(c) show compensation of an oscillation frequency of a voltage control crystal oscillating 
circuit using a control voltage in a temperature compensating crystal oscillation device according to a third modify 

SE 1 ^ 8 « rl' Wh6rein R9Ure 17(3) iS 3 9raph f0r showin 9 * e ambi6 "t temperature dependency 

of the oscillation frequency before temperature compensation. Figure 17(b) is a graph for showing the ambient tem 

^ ?, ? ntr ° l V ° lta9e US6d ,0r the te nperature compensation output by a control circuit and 
Figure 17(c) is a graph for showing the ambient temperature dependency of a difference between the oscillation 
frequency and a reference frequency attained by applying the control voltage to the voltage control crystal oscillat- 



8 



EP 0 998 022 A1 



ing circuit; 

Figure 18 is a table for showing comparison in a memory capacity attained by various control circuit systems of the 
control circuit in the temperature compensating crystal oscillation device of the first embodiment; 
Figure 19(a) is a graph for showing the ambient temperature dependency attained by different cubic temperature 
s coefficients of the oscillation frequency before the temperature compensation and Figure 1 9(b) is a graph for show- 

ing the ambient temperature dependency of a control voltage output by a control circuit of a crystal oscillation 
device according to a fourth modification of the first embodiment; 

Figures 20(a) through 20(c) are graphs for shewing generation of the control voltage output by the control circuit of 
the crystal oscillation device of the fourth modification of the first embodiment; 
10 Figure 21 (a) is a graph for showing the respective ambient temperature dependencies of the control voltage output 
by the control circuit of the crystal oscillation device of the fourth modification of the first embodiment and an ideal 
control voltage peculiar to a quartz oscillator and Figure 21 (b) is a graph for showing a difference between the idea! 
control voltage and an approximation control voltage; 

Figure 22 is a functional block diagram of a functional generator used for temperature compensation in a ternpera- 
15 ture compensating crystal oscillation device according to a second embodiment of the invention; 

Figures 23(a) through 23(d) are graphs for explaining variation of a control voltage through adjustment of temper- 
ature compensating parameters and a inflection point temperature in the temperature compensating crystal oscil- 
lation device of the second embodiment; 

Figure 24 is a functional block diagram for illustrating adjustment of an oscillation frequency in a temperature com- 
20 pensating crystal oscillation device according to a third embodiment of the invention; 

Figure 25 is a flowchart for showing the adjustment of the temperature compensating crystal oscillation device of 
the third embodiment; 

Figures 26(a) through 26(c) are graphs for illustrating adjustment of an ideal temperature compensating crystal 
oscillation device, wherein Figure 26(a) is a graph for showing the ambient temperature dependency of an oscilla- 
25 tion frequency before temperature compensation, Figure 26(b) is a graph for showing the ambient temperature' 
dependency of a control voltage used for the temperature compensation and Figure 26(c) is a graph for showing 
the ambient temperature dependency of a difference between the oscillation frequency and a reference frequency 
after the temperature compensation; 

Figure 27 is a functional block diagram of a conventional temperature compensating crystal oscillation device; and 
30 Figures 28(a) through 28(c) are graphs for explaining temperature compensation of the conventional temperature 
compensating crystal oscillation device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

35 EMBODIMENT 1 

[0033] A first embodiment of the invention will now be described with reference to the accompanying drawings. 
[0034] Figure 1 is a functional block diagram of a temperature compensating crystal oscillation device of the first 
embodiment. The temperature compensating crystal oscillation device (TCXO) 1 0 shown in Figure 1 is, for example, an 
40 oscillation device for generating a reference clock signal in a portable telephone, and is required to have stable fre- 
quency accuracy such that variation of the oscillation frequency can be within a range of ±2.5 ppm or less in the entire 
temperature range. 

[0035] As is shown in Figure 1 , the temperature compensating crystal oscillation device 1 0 includes a constant volt- 
age circuit 12 serving as a first analog signal generating circuit for generating and outputting a predetermined voltage 

45 independent of the ambient temperature; a temperature sensor circuit 1 3 serving as a second analog signal generating 
circuit for generating and outputting a voltage varied in proportion to the ambient temperature; a control circuit 14 for 
receiving the constant voltage output by the constant voltage circuit 12 and the voltage in proportion to the temperature 
output by the temperature sensor circuit 13 and for generating a control voltage Vc used for polygonal lines approxima- 
tion of a negative cubic curve by using continuous straight lines for compensating the temperature characteristic of a 

so quartz oscillator in the entire range of the ambient temperature; a voltage control crystal oscillating circuit (hereinafter 
referred to as the VCXO) 1 5 whose oscillation frequency is controlled to be a predetermined value by the control voltage 
Vc received from the control circuit 14; and a ROM/RAM circuit 16 for storing temperature compensating parameters 
for compensating the temperature characteristic of the control voltage Vc for optimizing the oscillation frequency output 
by the VCXO 15 in accordance with the control voltage Vc output by the control circuit 14. 

55 [0036] In this case, the ambient temperature may be the temperature of VCX0 1 5 or may be the temperature of the 
crystal oscillation device 10. 

[0037] Figure 2 is an exemplified circuit diagram of the VCXO 15 of this embodiment and shows a known circuit 
configuration. As is shown in Figure 2, an input terminal 21 for receiving the control voltage Vc is connected with one 
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terminal of a quartz oscillator 23 with a bias resistance 22 interposed therebetween. Between the bias resistance 22 
and the quartz oscillator 23 is connected the cathode terminal of a varactor diode 24 with its anode terminal grounded 
The oscillation frequency of the quartz oscillator 23 is changed by varying the capacitance of the varactor diode 24 by 
changing the control voltage Vc. The other terminal of the quartz oscillator 23 is connected with a Colpitis crystal oscil- 
lating circuit 25. and the oscillation output fout of the Colpitis crystal oscillating circuit 25 is output to an output terminal 
26. 

[0038] Now. the constant voltage circuit 12 and the temperature sensor circuit 1 3 of this embodiment are described 
in detail with reference to the accompanying drawings. 

[0039] Figure 3 is a circuit diagram for showing the configuration of a monotone decrease voltage generating circuit 
30. including the constant voltage circuit 12 and the temperature sensor circuit 13 of Figure 1 . for generating and out- 
putting a first control voltage Y1 or a fifth control voltage y s which decreases in proportion to increase of the ambient 
temperature T a . As is shown in Figure 3. the monotone decrease voltage generating circuit 30 includes a constant volt- 
age circuit 31 . and a bandgap reference circuit 32 and a current mirror circuit 33 working as the temperature sensor 
circuit. A reference voltage VO of approximately 1 .25 V independent of the ambient temperature T a is generated in the 
bandgap reference circuit 32. and a constant current l 0 is generated on the basis of the reference voltage VO in the con- 
stant voltage circuit 31 . 

[0040] Also, a current l T0 dependent upon the ambient temperature T a is generated in the bandgap reference circuit 
32^ and a current l T m proportion to the ambient temperature T a is generated in the current mirror circuit 33 so that a 
difference current lo-l T between the constant current l„ and the current lj in proportion to the ambient temperature T a 
can be taken out at a node between the constant voltage circuit 31 and the current mirror circuit 33. The difference cur- 
rent l 0 -l T is subjected to current/voltage conversion by using a resistance 34. thereby generating the first control voltage 
Y1 or the fifth control voltage y 5 which decreases in accordance with the increase of the ambient temperature T At this 
point, the absolute value of the first control voltage Yl or the fifth control voltage y 5 is set by adjusting a resistance value 
of a resistance 31 a supplied with a supply voltage Vcc in the constant voltage circuit 31 . 

[0041 ] Figure 4 is a detailed circuit diagram of the constant voltage circuit 31 . As is shown in Figure 4 the constant 
voltage circu.t 31 includes an operational amplifier 311 supplied, at its positive terminal, with the reference voltage VO 
independent of the ambient temperature T a output by the bandgap reference circuit 32; an NPN transistor 312 whose 
base is supplied with the output of the operational amplifier 311 and whose emitter is connected with a negative termi- 
na of the operational amplifier 31 1 and the resistance 31a; a PNP transistor 31 3 whose collector is connected with the 
collector of the NPN transistor 312; and the resistance 31a connected with the emitter of the NPN transistor 312 at its 
one end and grounded at the other end. A current flowing from PNP transistors 315 through PNP transistors 316 
flows into the resistance 31a. so as to generate the reference voltage VO independent of the ambient temperature T 
namely, a voltage Vbc at the base of the PNP transistor 31 3 makes a contribution to the generation of the constant cur- 
rent l 0 independent of the ambient temperature T a . 

[0042] Also, the constant voftage circuit 31 is connected with the ROM/RAM circuit 16 of Figure 1 so that plural 
temperature compensating parameters can be adjusted. For example, in order to cope with change of a 5-bit signal Ti 
for defining an inflection point temperature input from the ROM/RAM circuit 16. the constant voltage circuit 31 includes 
frvel PNP transistors 315 supplied with the base voltage Vbc at their shared base, five PNP transistors 316 for feeding 
back a current to the emitter of the NPN transistor 312 and five switching NPN transistors 317 each of which is 
40 closed/opened in accordance with each bit of the 5-bit signal Ti. 

[0043] Figure 5 shows the detailed circuit configuration of the bandgap reference circuit 32 and the cunent mirror 
circuit 33. As is shown in Figure 5. the bandgap reference circuit 32 includes a pair of PNP transistors 321 and 322 con- 
nected with each other at their bases; four NPN transistors 323. 324. 325 and 326 connected in parallel with the collec- 
tor and the base of the PNP transistor 321 and connected with each other at their bases; an NPN transistor 328 sharing 
the base with the NPN transistors 323. 324. 325 and 326 and connected with the collector of the PNP transistor 322 
through a resistance 327; and a resistance 329 connected with the emitter shared by the tour NPN transistors 323 324 
325 and 326 at its one end and grounded at the other end. The base voltage Vbt of the pair of PNP transistors 321 and 
322 is a voltage used for transferring a current increasing in proportion to the ambient temperature T a 
[0044] Furthermore, the current mirror circuit 33 of Figure 5 is connected with the ROM/RAM circuit 1 6 of Figure 1 
so that the temperature compensating parameters can be adjusted. For example, in oider to cope with change of a 4- 
brt signal b t corresponding to the constant term of the first control voltage Yl or a 4-bit signal b 5 corresponding to the 
constant term of the fifth control voltage y 5 input from the ROM/RAM circuit 16, the cunent minor circuit 33 includes 
four PNP tranastors 331 supplied with the base voltage Vbc from the constant voltage circuit 31 at their shared base 
four PNP transistors 332 for transferring the constant current l 0 , and four switching NPN transistors 333 respectively 
connected in parallel with the four PNP transistors 332 and closed/opened in accordance with the 4-bit signal b. or b s 
Furthermore, the cunent mirror circuit 33 includes four PNP transistors 334 supplied, at their shared base with the base 
voltage Vbt dependent upon the temperature supplied from the bandgap reference circuit 32; eight NPN transistors 335 
constituting four cunent mirror circuits respectively connected in parallel with the four PNP transistors 334 for absorbing 
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a current through mirror inversion; and four switching NPN transistors 336 connected in parallel with the four groups of 
NPN transistors 335 and closed/opened in accordance with a 4-bit signal corresponding to the proportional coeffi- 
cient of the first control voltage y 1 or a 4-bit signal as corresponding to the proportional coefficient of the fifth control 
voltage y 5 . When, among the four switching NPN transistors 333, the number of transistors in an on-state is changed 
5 in accordance with the 4-bit signal bi or b 5 , the constant current l 0 is increased/decreased, and when, among the four 
switching NPN transistors 336, the number of transistors in an on-state is changed in accordance with the 4-bit signal 
a i or a 5 . the current l T dependent upon the temperature is increased/decreased. As a result, the output current l 0 -l T for 
determining the first control voltage y«| or the fifth control voltage y 5 is increased/decreased. 

[0045] Figure 6 shows the detailed circuit configuration of a monotone increase voltage generating circuit 40, 
10 including the constant voltage circuit 1 2 and the temperature sensor circuit 1 3 of Figure 1 , for generating and outputting 
a third control voltage y 3 which increases in accordance with the increase of the ambient temperature T a . As is shown 
in Figure 6, the monotone increase voltage generating circuit 40 includes a constant voltage circuit 41 , and a bandgap 
reference circuit 42 and a current mirror circuit 43 serving as the temperature sensor circuit. A reference voltage V0 of 
approximately 1 .25 V independent of the ambient temperature T a is generated in the bandgap reference circuit 42, and 
is a constant current l 0 is generated on the basis of the reference voltage V0 in the constant voltage circuit 41 . 

[0046] Also, a current l T0 dependent upon the ambient temperature T a is generated in the bandgap reference circuit 
42, and a current lj in proportion to the ambient temperature T a is generated in the current mirror circuit 43. so that a 
difference current l r l 0 between the current l T in proportion to the ambient temperature T a and the constant current l 0 
can be taken out at a node between the constant voltage circuit 41 and the current mirror circuit 43. The difference cur- 
20 rent l r l 0 is subjected to the currentfvoltage conversion by using a resistance 44. thereby generating the third control 
voltage y 3 in proportion to the ambient temperature T a . At this point, a difference at room temperature between the third 
control voltage y 3 and a voltage for attaining a reference frequency at the inflection point temperature is set by adjusting 
the resistance value of a resistance 41 a of the constant voltage circuit 41 . 

[0047] Figure 7 shows the detailed circuit configuration of the constant voltage circuit 41 . In Figure 7. like reference 

25 numerals are used to refer to like elements shown in Figure 4 and the description is omitted. In this case, it goes without 
saying that the constant voltage circuit 41 has a different circuit constant from the constant voltage circuit 31 . 
[0048] Figure 8 shows the detailed circuit configuration of the bandgap reference circuit 42 and the current mirror 
circuit 43. The bandgap reference circuit 42 of Figure 8 has the same configuration as the bandgap reference circuit 32 
of Figure 5. and hence, the description is omitted with like reference numerals used to refer to tike elements shown in 

30 Figure 5. In Figure 8, the current mirror circuit 43 is connected with the ROM/RAM circuit 16 of Figure 1. so that the 
temperature compensating parameters can be adjusted. For example, in order to cope with change of a 4-bit signal a$ 
corresponding to the proportional coefficient of the third control voltage y 3 input from the ROM/RAM circuit 16, the cur- 
rent mirror circuit 43 includes four PNP transistors 431 supplied, at their shared base, with the base voltage Vbt 
dependent upon the temperature input from the bandgap reference circuit 42, four PNP transistors 432 for transferring 

35 the current l T in proportion to the ambient temperature T a . and four switching NPN transistors 433 respectively con- 
nected in parallel with the four PNP transistors 432 and closed/opened in accordance with the 4-bit signal a 3 . Moreover, 
the current mirror circuit 43 includes four PNP transistors 434 supplied, at their shared base, with the base voltage Vbc 
input from the constant voltage circuit 41. eight NPN transistors 435 constituting four current mirror circuits respectively 
connected in parallel with the four PNP transistors 434 for absorbing the current through the mirror inversion, and four 

40 switching NPN transistors 436 respectively connected in parallel with the four groups of NPN transistors 435 and 
closed/opened in accordance with the 4-bit signal a 3 . When, the number of transistors in an on-state among the four 
switching NPN transistors 433 and the number of transistors in an on-state among the four switching NPN transistors 
436 are changed in accordance with the 4-bit signal a 3 . the output current l r l 0 for determining the third control voltage 
y 3 is increased/decreased. 

45 [0049] Figure 9 shows a part of the circuit configuration of a constant voltage generating circuit including the con- 
stant voltage circuit 1 2 and the temperature sensor circuit 1 3 of Figure 1 , for generating and outputting a second control 
voltage y 2 and a fourth control voltage y 4 independent of the ambient temperature. This constant voltage generating 
circuit includes a constant voltage circuit (not shown) and a bandgap reference circuit 42A and a current mirror circuit 
43A serving as the temperature sensor circuit. The constant voltage circuit has a configuration equivalent to the con- 
so stant voltage circuit 41 of Figure 7. The bandgap reference circuit 42A of Figure 9 has the same configuration as the 
bandgap reference circuit 42 of Figure 8, and hence, the description is omitted with like reference numerals used to 
refer to like elements shown in Figure 8. 

[0050] Also, the current mirror circuit 43A of Figure 9 is connected with the ROM/RAM circuit 1 6 of Figure 1 . so that 
the temperature compensating parameters can be adjusted. For example, in order to cope with change of a 4-bit signal 
55 b 4 corresponding to the constant term of the fourth control voltage y 4 input from the ROM/RAM circuit 16. the current 
mirror circuit 43A includes four PNP transistors 431 supplied, at their shared base, with the base voltage Vbc input from 
the constant voltage circuit, four PNP transistors 432 for transferring the constant current l 0 . and four switching NPN 
transistors 433 respectively connected in parallel with the PNP transistors 432 and closed/opened in accordance with 
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the 4-bit signal b 4 . The current mirror circuit 43A further includes four PNP transistors 434 supplied, at their shared 
base, with the base voltage Vbc input from the constant voltage circuit, eight NPN transistors 435 constituting four cur- 
rent mirror circuits respectively connected in parallel with the four PNP transistors 434 for absorbing the current through 
the mirror inversion, and four switching NPN transistors 436 respectively connected in parallel with the four groups of 
5 NPN transistors 435 and closed/opened in accordance with a 4-bit signal t^. When the number of transistors in an on- 
state among the four switching NPN transistors 433 is changed in accordance with the 4-bit signal b 4 , the current for 
determining the fourth control voltage y 4 is increased/decreased, and when the number of transistors in an on-state 
among the four switching NPN transistors 436 is changed in accordance with the 4-bit signal i^, the current for deter- 
mining the second control voltage y 2 is increased/decreased. 

w [0051] Next, the control circuit 14 of this embodiment will be described with reference to the accompanying draw- 
ings. 

[0052] Figure 1 0 shows the detailed circuit configuration of the control circuit 14 of Figure 1 . As is shown in Figure 
10, the control circuit 14 for generating the control voltage Vc used for the temperature compensation of the VCX0 15 
includes a MAX circuit 14a for receiving the first control voltage y 1t the second control voltage y 2 and the third control 

15 voltage y 3 generated by the constant voltage circuit 12 and the temperature sensor circuit 13 of Figure 1 and for out- 
putting the maximum voltage among these control voltages as a sixth control voltage y 6 ; and a MIN circuit 14b for 
receiving the fourth control voltage y 4 and the fifth control voltage y 5 generated by the constant voltage circuit 12 and 
the temperature sensor circuit 1 3 of Figure 1 and the sixth control voltage y 6 output by the MAX circuit 14a and for out- 
putting the minimum voltage among these control voltages as a seventh control voltage y 7 . The seventh control voltage 

20 y 7 works as the control voltage Vc for the temperature compensation. 

[0053] The MAX circuit 14a includes afirst NPN transistor Q1 whose collector is supplied with a supply voltage Vcc. 
whose base is supplied with the first control voltage yi and whose emitter is connected with the input of a first constant 
current source h ; a second NPN transistor Q2 whose collector is supplied with the supply voltage Vcc, whose base is 
supplied with the second control voltage y 2 and whose emitter is connected with the input of the first constant current 

25 source l 1 ; a third NPN transistor Q3 whose collector is supplied with the supply voltage Vcc, whose base is supplied 
with the third control voltage y 3 and whose emitter is connected with the input of the first constant current source 1^ and 
a fourth NPN transistor Q7 whose collector and base are connected with the output of a second constant current source 
l 2 for supplying a current with a value a half as large as that of the first constant current source l 1 and whose emitter is 
connected with the input of the first constant current source l 1t for outputting, at its collector, the maximum voltage 

30 among the first control voltage y 1f the second control voltage y 2 and the third control voltage y 3 as the sixth control volt- 
age y 6 . 

[0054] The MIN circuit 14b includes a first PNP transistor Q6 whose base is connected with the collector of the 
fourth NPN transistor Q7, whose emitter is connected with the output of a third constant current source l 3 and whose 
collector is grounded; a second PNP transistor Q4 whose base is supplied with the fourth control voltage y 4 , whose 

35 emitter is connected with the output of the third constant current source ^ and whose collector is grounded; a third PNP 
transistor Q5 whose base is supplied with the fifth control voltage y 5 , whose emitter is connected with the output of the 
third constant current source l 3 and whose collector is grounded; and a fourth PNP transistor Q8 whose emitter is con- 
nected with the output of the third constant current source l 3 and whose collector and base are connected with the input 
of a fourth constant current source l 4 for supplying a current with a value a half as large as that of the third constant 

40 current source l 3 , for outputting, at its collector, the minimum voltage among the fourth control voltage y 4 , the fifth con- 
trol voltage y 5 and the sixth control voltage y 6 as the seventh control voltage y 7 . 

[0055] Trie MAX circuit 14a and the MIN circuit 14b having the aforementioned configurations are operated as fol- 
lows: 

[0056] In the MAX circuit 1 4a, the first NPN transistor Q1 , the second NPN transistor Q2 and the third NPN transis- 
45 tor Q3 mutually share the collector and the emitter, the current from the second constant current source l 2 flows through 
the fourth NPN transistor Q7 to the first constant current source Ij and the current value l 2 is set at 1^2. Therefore, the 
remaining current value h/2 of the current value I* flows to one transistor supplied with the largest voltage at the base 
thereof among the first NPN transistor Q1 , the second NPN transistor Q2 and the third NPN transistor Q3. As a result, 
a potential difference between the base and the emitter of the fourth NPN transistor Q7 is equal to a potential difference 
so between the base and the emitter of that one transistor supplied with the largest voltage among the first NPN transistor 
Q1 , the second NPN transistor Q2 and the third NPN transistor Q3. Accordingly, a voltage shared by the collector and 
the base of the fourth NPN transistor Q7 is equal to the maximum voltage among the first control voltage yi , the second 
control voltage y 2 and the third control voltage y 3 . 

[0057] Also, in the MIN circuit 14b, the first PNP transistor Q6. the second PNP transistor Q4 and the third PNP 
55 transistor Q5 mutually share the emitter, and the collectors of these transistors are all grounded. Therefore, a voltage 
shared by the collector and the base of the fourth PNP transistor Q8 is equal to the minimum voltage among those sup- 
plied to the first PNP transistor 06. the second PNP transistor 04 and the third PNP transistor Q5. 
[0058] In this manner, according to the control circuit 14 of this embodiment for generating the control voltage Vc 
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for the temperature compensation of the VCX0 1 5. the polygonal lines approximation of the temperature compensation 
characteristic can be performed by outputting a group of five continuously and linearly changing control voltages as the 
seventh control voltage y 7 corresponding to the control voltage Vc by using plural simple bipolar circuits. 
[0059] Furthermore, since all of the constant voltage circuit 12, the temperature sensor circuit 13 and the control 

5 circuit 14 together working as a function generator for generating the control voltage Vc for the temperature compensa- 
tion include analog circuits alone, there is no possibility of occurrence of a quantum noise in principle, and hence, fre- 
quency skip can be prevented from occurring at the connecting portion between polygonal lines. In addition, since there 
is no need to provide the function generator with a clock generator, a clock noise can also be avoided. 
[0060] Although the output of the MAX circuit 14a is received by the MIN circuit 14b in Figure 10, the order of the 

10 connection of the MAX circuit 14a and the MIN circuit 141) can be reversed. Specifically, in that case, the third control 
voltage y 3 , the fourth control voltage y 4 and the fifth control voltage y 5 are input to the MIN circuit 14b, whose output is 
used as the sixth control voltage y 6 . The sixth control voltage y 6 . the first control voltage and the second control volt- 
age y 2 are input to the MAX circuit 14a, whose output is used as the seventh control voltage y 7 , namely, the output of 
the control circuit 14. 

is [0061 ] Now, the control voltage Vc used for the temperature compensation generated by the constant voltage cir- 
cuit 12, the temperature sensor circuit 13 and the control circuit 14 of Figure 1 together working as the function gener- 
ator will be described by using graphs and formulas. 

[0062] Figures 1 1 (a) through 1 1 (c) show the compensation of the oscillation frequency f of the VCX0 1 5 using the 
temperature compensating control voltage Vc. and Figure 1 1 (a) shows the dependency on the ambient temperature T a 

20 of the oscillation frequency f output by the VCX0 1 5 without the temperature compensation, wherein f 0 indicates a ref- 
erence frequency determined by a specification of, for example, a portable telephone. Figure 1 1 (b) shows the depend- 
ency on the ambient temperature T a of the control voltage Vc (i.e., the seventh control voltage y 7 ) for the temperature 
compensation output by the control circuit 1 4, and Figure 1 1 (c) shows the temperature dependency of a difference Af 
between the oscillation frequency f of the VCX0 1 5 and the reference frequency f 0 attained by applying the control volt- 

25 age Veto the VCX0 15. 

[0063] Figure 12 shows the details of the graph of Figure 1 1(b). and shows a group of polygonal lines respectively 
corresponding to the first control voltage in a first temperature region (T 0 £ T a < T-g), the second control voltage y 2 in 
a second temperature region (T., £ T a < T^, the third control voltage y 3 in a third temperature region (T 2 £ T a < T 3 ), the 
fourth control voltage y 4 in a fourth temperature region (T 3 £ T a < T 4 ), and the fifth control voltage y 5 in a fifth tempera- 
30 ture region (T 4 £ T a £ T 5 ). As is shown in Figure 12, the X-axis indicates the ambient temperature T a , the Y-axis indi- 
cates the control voltage Vc, a center temperature of the control voltage Vc is indicated as J\, and a voltage difference 
from a voltage for attaining the reference frequency at the center temperature Tj is indicated as y. 
[0064] The linear functional formulas of y 1 through y 5 are: 

35 Yl =-a 1 (T a -T } )-b 1 +y (1) 

(whereas T 0 £ Ta < T 1( > 0, and > 0) 

y 2 =-b 2 +y (2) 

40 

(whereas T 1 £ T a < T 2 and b2 > 0) 

y3 = a 3( T a- T ») + Y (3) 

45 (whereas T 2 £ T a < T 3 and a 3 > 0) 

y 4 =b 4 + Y (4) 

(whereas T 3 £ T a < T 4 and b 4 > 0) 

50 

y5 = - a 5 0V T i) + b 5 + T ( 5 ) 

(whereas T 4 <: T a £ T 5 . a 5 > 0, b 5 > 0, a-i = a 5 , b2 = b 4 and b 1 = b 5 ) 
[0065] At this point, the center temperature Tj corresponds to the inflection point temperature of a quartz oscillator, 
55 and is approximately 25°C in a general quartz oscillator. 

[0066] Now, the relationship between the sixth control voltage y 6 and the first through third control voltages y 1 , y 2 
and y 3 and the relationship between the seventh control voltage y 7 , namely, the control voltage Vc, and the fourth 
through sixth control voltages y 4 , y 5 and y 6 will be described on the basis of the MAX circuit 14a and the MIN circuit 
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14b of Figure 10. 

[0067] In the MAX circuit 14a, when the emitter currents of the first NPN transistor Q1 , the second NPN transistor 
Q2, the third NPN transistor Q3 and the fourth NPN transistor Q7 are indicated as I EQi , l EQ2 , l EQ3 and l EQ7 . respec- 
tively, the following relationship holds: 

5 

>EQ1 + ^02 + I EQ3 = 'EQ7 =, 1^= ' 2 (6) 

[0068] Also, the emitter currents of the respective NPN transistors are represented as follows: 

10 ' eqi = "sn exp {(q/kT) • (y, - V,)} (7) 

1 EQ2 = *sn {(^"0 • (y 2 - v i)} (8) 

l EQ3 = l sNe x P{(q^"0 • (ya-V^} (9) 

1 EQ7 = 1 sn exp {(q/kT) • (y 6 - V ,)} (10 ) 



15 



wherein indicates a reverse saturation current of the NPN transistor, q indicates a charge amount of electrons, k 
indicates the Boltzmann's constant. T indicates an absolute temperature, and V 1 indicates the shared emitter potential 
20 of the N PN transistor. 

[0069] Accordingly, when the formulas (7) through (1 0) are substituted for the formula (6) and the resultant formula 
is solved for y 6 , the following formula (1 1 ) representing the relationship between the sixth control voltage y 6 and the first 
through third control voltages y t , y 2 and y 3 can be obtained: 

25 y 6 = ( kT/ q) * Nexp(qy 1 /kT)+exp(qy 2 /kT)+exp(qy 3 /kT)} (11) 

[0070] Similarly, in the MIN circuit 14b, the emitter currents of the first PNP transistor Q6. the second PNP transistor 
Q4. the third PNP transistor Q5 and the fourth PNP transistor Q8 are indicated as l EQ6> l EQ4 , l EQ5 and l EQ8( respectively 
the following relationship holds: 



30 



35 



40 



Uqs + Ucw + 'eqs* f EQ8 = I 3^ = U (12) 
[0071] Furthermore, the emitter currents of the respective PNP transistors are represented as follows: 

1 EQ6 = *sp exp • (V 2 - y 6 )} (13) 

I EQ4 = l SP exp {(q/kT) • (V 2 - y 4 )} (14) 

I Eos = "sp ®«p {(q/kT) • (V 2 - y 5 )} ( 1 5) 

I EQ8 = "sp exp {(q/kT) • (V 2 - y 7 )} (16) 

wherein l SP indicates a reverse saturation current of the PNP transistor, q indicates a charge amount of electrons, k 
indicates the Boltzmann's constant, T indicates an absolute temperature, and V 2 indicates the shared emitter potential 
45 of the PNP transistor. 

[0072] Accordingly, when the formulas (13) through (16) are substituted for the formula (12) and the resultant is 
solved for y 7 , the following formula (17) representing the relationship between the seventh control voltage y 7 and the 
fourth through sixth control voltages y 4> y 5 and y 6 can be obtained: 

50 y 7 =(" kT /q) • in{exp(<^y 6 /kT)+exp(<iy 4 /kT)+exp(-qy 5 /kT)} (17) 

[0073] Furthermore, by substituting the sixth control voltage y 6 represented by the formula (1 1 ) for the formula (17), 
the desired formula (18) can be obtained as follows: 



55 



y 7 =(-kT/q) • ln[1/{exp(gy 1 /kT)+exp(qy 2 /kT)+exp(qy 3 /kT)} + exp(-qy 4 /kT) + exp(^y 5 /kT)] (18) 

[0074] Next, an exemplified configuration of the ROM/RAM circuit 16 of this embodiment shown in Figure 1 will be 
described. 
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[0075] Figure 1 3 shows the circuit configuration of the ROM/RAM circuit 1 6 used in the temperature compensating 
crystal oscillation device of this embodiment. As is shown in Figure 13, the ROM/RAM circuit 16 includes a RAM data 
input circuit 161 as a serial data input portion including serially connected four flip-flops, a PROM circuit 162 including 
four programmable ROMs each receiving and storing each bit of output data of the RAM data input circuit 161, and a 

5 switch circuit 163 for externally receiving a selection signal SEL and selecting either the output data of the RAM data 
input circuit 161 or output data of the PROM circuit 162. In this case, the output data of the ROM/RAM circuit 16 is out- 
put, for example, to the current mirror circuit 33 of Figure 5 as the 4-bit signal a< or the like. Although the exemplified 
ROM/RAM circuit 16 has a configuration for coping with 4-bit data, the invention is not limited to this configuration and 
the bit number can be determined in accordance with the number of the temperature compensating parameters 

to described below. 

[0076] The operation of the ROM/RAM circuit 1 6 will now be described with reference to a timing chart of RAM data 
input shown in Figure 14. 

[0077] First, in order to write desired data in the PROM circuit 162, a C/E signal which corresponds to an enable 
signal in the RAM data input circuit 161 is activated so as to enable the data input, and a read/write signal W/R in the 

is PROM circuit 1 62 is set in the write mode. Serial data of, for example, 1 , 0. 1 and 1 are successively input from the data 
input terminal DATA to the RAM data input circuit 1 61 at a rise of a clock signal CLK. As a result as is shown in Figure 
1 4, the first output data H 1" is output to the output terminal OUT1 of the first flip-flop, the second output data "0" is output 
to the output terminal OUT2 of the second flip-flop, the third output data M 1 " is output to the output terminal OUT3 of the 
third flip-flop, and the fourth output data "1" is output to the output terminal OUT4 of the fourth flip-flop. Next, in the 

20 PROM circuit 162 of Figure 13, the first output data is stored in the PROM1, the second output data is stored in the 
PROM2. the third output data is stored in the PROM3 and the fourth output data is stored in the PROM4. 
[0078] In order to directly output the data having been input to the RAM data input circuit 1 61 , the selection signal 
SEL in the switch circuit 1 63 is set at a level for passing the data through. In order to read the data stored in the PROM 
circuit 162, the selection signal SEL in the switch circuit 163 is set at a level for selecting the PROM. 

25 

MODIFICATION 1 OF EMBODIMENT 1 

[0079] A first modification of the first embodiment will now be described with reference to the accompanying draw- 
ing. 

30 [0080] Figure 15 shows the circuit configuration of a control circuit of a crystal oscillation device according to the 
first modification. In Figure 15, like reference numerals are used to refer to like elements used in the control circuit of 
Figure 1 0, and the description is omitted. The control circuit 1 4 of Figure 1 5 includes a MAX circuit 1 4c for receiving the 
first control voltage y 1( the second control voltage y 2 and the third control voltage y 3 generated by the constant voltage 
circuit 12 and the temperature sensor circuit 13 of Figure 1 and for outputting the maximum voltage among these control 

35 voltages as the sixth control voltage y 6 ; and a MIN circuit 14d for receiving the fourth control voltage y 4 and the fifth 
control voltage y 5 generated by the constant voltage circuit 12 and the temperature sensor circuit 13 of Figure 1 and 
the sixth control voltage y 6 output from the MAX circuit 14c and for outputting the minimum voltage among these control 
voltages as the seventh control voltage y 7 . 

[0081] In the MAX circuit 14c, a first resistance R1 is serially connected between the emitter of the first NPN fran- 
co sistor Q1 and the first constant current source l 1( a second resistance R2 is serially connected between the emitter of 
the second NPN transistor Q2 and the first constant current source l 1( a third resistance R3 is serially connected 
between the emitter of the third NPN transistor Q3 and the first constant current source Ij, and a fourth resistance R7 
is serially connected between the emitter of the fourth NPN transistor Q7 and the first constant current source l 1a 
[0082] Similarly, in the MIN circuit 14d, a fifth resistance R6 is serially connected between the emitter of the first 
45 PNP transistor Q6 and the third constant current source l 3 , a sixth resistance R4 is serially connected between the emit- 
ter of the second PNP transistor Q4 and the third constant current source l 3 , a seventh resistance R5 is serially con- 
nected between the emitter of the third PNP transistor Q5 and the third constant current source l 3 , and an eighth 
resistance R8 is serially connected between the emitter of the fourth PNP transistor Q8 and the third constant current 
source l 3 . 

so [0083] In this modification, since the resistances are serially connected with the emitters of the NPN transistors Q1 , 
Q2, Q3 and Q7 in the MAX circuit 14c and the resistances are serially connected with the emitters of the PNP transis- 
tors Q6, Q4. Q5 and Q8 in the MIN circuit 14d, the connecting portions between the respective temperature regions in 
the control voltage Vc shown in Figure 12 can be smoothed. In general, in cubic functional approximation using polyg- 
onal lines, an approximation error 

55 

Af (« f - f 0 ) 
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corresponding to a difference between the oscillation frequency f after the temperature compensation and the reference 
frequency f 0 of a quartz oscillator is largest at a connecting portion of the polygonal lines. However, the connecting por- 
tions between the temperature regions can be thus smoothed, the approximation error can be reduced. 

5 MODIFICATION 2 OF EMBODIMENT 1 

[0084] A second modification of the first embodiment will now be described with reference to the accompanying 
drawings. 

[0085] Figures 1 6(a) through 1 6(c) show the temperature dependency of an oscillation frequency attained by using 
10 a control circuit of a crystal oscillation device according to the second modification, wherein Figure 16(a) shows the 
temperature dependency of the oscillation frequency before the temperature compensation, Figure 16(b) shows the 
temperature dependency of a control voltage Vc used for the temperature compensation of a VCXO generated by the 
control circuit of this modification and Figure 16(c) shows the temperature dependency of a difference At between the 
oscillation frequency f attained after the temperature compensation by using the control voltage Vc and a reference fre- 
15 quency f 0 . 

[0086] As a characteristic of this modification, the lines of the control voltages to be connected in the boundaries 
between the temperature regions are smoothly connected in an analog manner. Therefore, the generated control volt- 
age can be more approximated to a cubic function, resulting in decreasing the difference Af in the oscillation frequency. 
[0087] Furthermore, when the ambient temperature T a is divided into three regions of, T 0 £ T a < T 1t T., £ T a < T 2 
20 and T 2 £ T a s T 3 , and straight lines y 1if y 12 and y 13 of three control voltages alone are used as is shown in Figure 17, 
the same effect as is exhibited by the approximation using the five straight lines y 1 through y 5 can be attained by making 
the connecting portions smooth in an analog manner. 

[0088] In the adjustment of the temperature compensation, decrease in the number of straight lines used for the 
polygonal lines approximation can be a significant factor to decrease the storage capacity of the ROM/RAM circuit. 
25 which will be described below. 

MODIFICATION 3 OF EMBODIMENT 1 

[0089] A third modification of the first embodiment will now be described. 

30 [0090] The temperature characteristic of the oscillation frequency f of a quartz oscillator is point-symmetrical about 
the inflection point temperature Tj at a lower temperature side and a higher temperature side as is shown in Figure 
1 1 (a), and in this modification, the point-symmetry is used for generating a group of control voltages Vc which are point- 
symmetrical about the inflection point temperature Tj at the lower temperature side and the higher temperature side. 
[0091] Specifically, in the aforementioned formulas (1) through (5) representing the first through fifth control vort- 

35 ages y-i through y 5 , the proportional coefficient a 1 of the formula (1) is equal to the proportional coefficient a 5 of the for- 
mula (5). the constant bi of the formula (1) is equal to the constant b 5 of the formula (5), and the constant l>2 of the 
formula (2) is equal to the constant b 4 of the formula (4). 

[0092] In this manner, the circuit constant of one internal element of the control circuit 1 4 which determines the tem- 
perature characteristic at the lower temperature side and the higher temperature side can be designed by using a pre- 
40 determined proportion to the circuit constant of another internal element, and hence, the storage capacity of the 
ROM/RAM circuit 1 6 can be largely decreased. 

[0093] At this point, the control voltage Vc for the temperature compensation of a quartz oscillator is assumed to 
be represented by the following cubic function: 

45 Vc = afT-Tj) 3 + p(T-Tp + y ( 19 ) 

wherein a indicates a negative cubic temperature coefficient, p indicates a linear temperature coefficient, y is a constant 
corresponding to a voltage difference from a voltage for attaining a reference frequency at an inflection point tempera- 
ture, T indicates an absolute temperature and Tj indicates the inflection point temperature corresponding to an inflection 

so point of the cubic function. 

[0094] Figure 1 8 is a table listing memory capacities of the ROM/RAM circuit required by various control circuit sys- 
tems. In the case where the parameter for adjusting the temperature compensation of the control voltage is limited to 
the parameter a of the cubic temperature characteristic, in order to dependently adjust the temperature compensating 
parameters of the first through fifth control voltages y 1 through y 5 and attain the stability of the oscillation frequency I 

55 of ±2.5 ppm in the desired temperature range, each of the proportional coefficients a 1a a 3 and a 5 requires 4 bits, each 
of the constants b 1 and b 5 requires 4 bits, and each of the constants b 2 and b 4 requires 2 bits in the aforementioned 
formulas (1) through (5). As a result, a D/A converter of 24 bits in total is required. 

[0095] However, when the control voltage is point-symmetrical at the lower temperature side and the higher tem- 
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perature side as in this modification, the bits for adjusting the constants a 5 , b 5 and b 4 are not necessary because 



AS a result, the temperature compensation can be adjusted by a D/A converter of 14 bits in total. 
MODIFICATION 4 OF EMBODIMENT 1 

[0096] A fourth modification of the first embodiment will now be described with reference to the accompanying 
drawings. 

[0097] Figures 1 9(a) and 1 9(b) show the temperature dependency of a control voltage output by a control circuit of 
a crystal oscillation device according to a fourth modification of the first embodiment, wherein Figure 1 9(a) shows cubic 
curves f 1( f 2 and f 3 attained by different cubic temperature coefficients a in the oscillation frequency of a quartz oscilla- 
tor and Figure 19(b) shows control voltages Vd. Vc2 and Vc3 for compensating the corresponding cubic curves. 
[0098] In this modification, the temperature coeff iderrts (proportional coefficients) of the temperature characteris- 
tics of the control voltage group including the first through fifth control voltages through y 5 and varied in the shape of 
polygonal lines in accordance with the temperature are provided with predetermined proportions to one another. 
[0099] Thus, in determining the various parameters such as the circuit constant of the control circuit 1 4, the param- 
eter of one internal element can be designed by using the predetermined proportion to the parameter of another inter- 
nal element. As a result, the memory capacity of the ROM/RAM circuit 16 can be largely decreased. 
[0100] Now, optimal proportions for minimizing the approximation error between the cubic temperature coefficient 
a and the control voltages y^ through y 5 will be specifically introduced. When the control voltage peculiar to a quartz 
oscillator is assumed to be an ideal control voltage Vd, the formula (19) is changed into the following formula (20): 

Vci=a(T-T j )%p(T-T | ) + Y (20) 

[0101 ] With the operating temperature range of the crystal oscillation device indicated as T^ the ideal control volt- 
age Vcl is separated into a linear function Veil represented by the formula (25) and a cubic function Vci3 represented 
by the formula (26). both of which pass through three points represented by the following formulas (21) through (23), 
and the cubic function Vci3 is subjected to the polygonal lines approximation: 



[T. Vd] = [(T i -T o ).Vci(T l -T 0 )] 


(21) 


[T. Vci] = P"i. Y] 


(22) 


[T. Vci] = [(T i+ T 0 ), Vci(T i+ T 0 )] 


(23) 


Vci = Veil + Vci3 


(24) 


Veil = (p + ctT 0 2 ) • (T-T,) + Y 


(25) 


Vd3=a(T-T l ) 3 -czT 0 2 (T-T i ) 


(26) 



[0102] The linear function Veil and the cubic function Vci3 are shown in Figures 20(a) through 20(c). A line 1 indi- 
cates the linear function Veil and a curve 2 indicates the cubic function Vci3 in Figure 20(a), merely the linear function 
Veil is shown in Figure 20(b), and Figure 20(c) shows the polygonal lines approximation of the cubic function Vci3 
shown as the curve 2 by using a group of lines y^ through y 5 corresponding to the five control voltages of the embodi- 
ment. 

[0103] At this point, the approximation error in the polygonal lines approximation is minimized in each region in the 
following cases: In the first temperature region (T r T 0 <; T<Tj-0.755T 0 ), it is minimized when the first control voltage y 1 is: 

y, «-1.46aT 0 2 (T-T,)-1.46aT 0 3 (27) 
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= -a l (T-T i )4> 1 (28) 
In the second temperature region (Ti-0.755T o £ T < ^-0.398X0), it is minimized when the second control voltage y 2 is: 
S y 2 =-0.358aT o 3 (29) 

= -b 2 (30) 
In the third temperature region (Ti-0.398T o £ T < T i +0.398T o ), it is minimized when the third control voltage y 3 is: 

10 

y 3 -0-9oT 0 2 CT-TJ (31) 
= a 3 (T-T | ) (32) 
is In the fourth temperature region (Tj+0.398T o £ T < Tj+O^SSTJ, it is minimized when the fourth control voltage y 4 is: 

y 4 = 0.358aT o 3 (33) 
= b 4 (34) 
In the fifth temperature region (Tj+0.755T o £ T £ Tj+TJ, it is minimized when the fifth control voltage y 5 is: 



20 



y 5 = -1.46aT Q 2 (T-Tj) + 1.46aT c 3 (35) 
25 =-a 5 (T-Ti) + b 5 (36) 

[0104] Figure 21 (a) shows the cubic function Vci3 of the formula (26), the first control voltage of the formula (27), 
the second control voltage y 2 of the formula (29), the third control voltage y 3 of the formula (31), the fourth control volt- 
age y 4 of the formula (33), and the fifth control voltage y 5 of the formula (35). Figure 21(b) shows a difference AVc 
30 between the ideal control voltage Vci3 shown in Rgure 21(a) and an approximation control voltage Vcp obtained 
through the polygonal lines approximation using the control voltages y-i through y 5 . 

[0105] Then, the coefficients of the approximation control voltage Vcp are collected on the left side and the coeffi- 
cients of the ideal control voltage Vci are collected on the right side. When the coefficients of the formula (27) and (28) 
and the coefficients of the formulas (35) and (36) are compared, the following are obtained: 



35 



ai =a 5 = 1.46aT c 2 (37) 
b 1 = b 5 = 1.46aT 0 3 (38) 



40 When the coefficients of the formulas (31) and (32) are compared, the following is obtained: 

a 3 =0.9aT o 2 (39) 

When the coefficients of the formulas (29) and (30) and the coefficients of the formulas (33) and (34) are compared, the 
45 following is obtained: 

b 2 = b 4 =0.358aT o 3 (40) 

[0106] By transforming the formulas (37) through (40), the formulas representing the desired proportions between 
so the cubic temperature coefficient a and the proportional coefficients of the lines used for the polygonal lines approxima- 
tion can be obtained as follows: 

a 1 /a=1.46T 0 2 (41) 
55 a 3 /a=0.9T o 2 (42) 

a 5 /a=1.46T 0 2 (43) 
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b 1 / cc= 1.46T 0 3 



(44) 



5 



b 2 /a = 0.358T o 3 
b 4 /a = 0.358T o 3 
b 5 /a=1.46T G 3 



(45) 



(46) 



(47) 



[0107] At this point, when the inflection point temperature is assumed to be 25°C and the operating temperature 
10 range T 0 is 60 degree, the ambient temperature T a in this modification is -35°C through +85°C. 

[0108] In this manner, even when each quartz oscillator has a different cubic coefficient a of the ideal control volt- 
age Vcl, the proportions of a are not varied respectively in a-j/a, a^a, a^a, b^a, b 2 /a, b^a and b^a. 
[0109] Accordingly, in this modification, the proportional coefficients a 1t a 3 and a 5 of the lines and the constants b 1( 
b 2 , b 4 and b 5 of the lines are respectively provided with the proportions as is shown in the formulas (41) through (47). 
is in this manner, in the adjustment of the cubic temperature coefficient a of a quartz oscillator, the circuit constants cor- 
responding to the proportional coefficients a 1t a 3 and a 5 and the circuit constants corresponding to the constants b 1§ 
b 2 , b 4 and b 5 can be set in a batch, and hence, the adjustment can be performed by a D/A converter of 6 bits in total 
as is shown in Figure 18. Therefore, even when the memory capacity of the ROM/RAM circuit 16 is small, fluctuations 
of the cubic temperature coefficient and the linear temperature coefficient derived from a cut angle of the AT cut of a 
20 quartz oscillator and fluctuation of the absolute value of the oscillation frequency can be both definitely adjusted. 

EMBODIMENT 2 

[0110] A second embodiment of the invention will now be described with reference to the accompanying drawings. 

25 [01 1 1 ] Figure 22 is a functional block diagram of a function generator for the temperature compensation used in a 
temperature compensating crystal oscillation device according to the second embodiment. As is shown in Figure 22, 
the function generator includes a MAX/MI N circuit 14A having the same configuration as the control circuit 14 of the first 
embodiment for receiving the outputs of a constant voltage circuit 12 and a temperature sensor circuit 13 and for gen- 
erating a cubic control voltage aVc corresponding to the cubic temperature characteristic parameter a within a prede- 

30 termined temperature range in the control voltage Vc for the temperature compensation represented by the formula 
(19); a linear temperature characteristic generating circuit 17 for receiving the output of the temperature sensor circuit 
13 and for generating a linear control voltage pVc corresponding to a linear temperature characteristic parameter p 
within a predetermined temperature range in the control voltage Vc for the temperature compensation represented by 
the formula (19); a zero-order temperature characteristic generating circuit 18 for receiving the output of the constant 

35 voltage circuit 12 and for generating a zero-order control voltage yVc corresponding to the zero-order temperature char- 
acteristic parameter y within a predetermined temperature range in the control voltage Vc for the temperature compen- 
sation represented by the formula (19). namely, independent of the temperature within a predetermined temperature; 
and a T| adjusting circuit 1 9 for receiving the output of the temperature sensor circuit 1 3, adjusting the value of an inflec- 
tion point temperature T, shown in the formula (19) and outputting the adjusted value to the MAX/MIN circuit 14A and 

40 the linear temperature characteristic generating circuit 17. 

[01 1 2] In the function generator for generating the control voltage Vc for the temperature compensation of a VCXO 
of this embodiment, the control voltage Vc is generated by obtaining a sum of the output voltage aVc of the MAX/MIN 
circuit 14A for performing, with the ambient temperature T a divided into five regions, the polygonal lines approximation 
using a linear function in each region, the output voltage pVc of the linear temperature characteristic generating circuit 

45 1 7 for adjusting the linear characteristic of the temperature compensating parameter, and the output voltage yVc of the 
zero-order temperature characteristic generating circuit 1 8 for adjusting the zero-order characteristic of the temperature 
compensating parameter, namely, a voltage difference, independent of the ambient temperature T a , from the voltage for 
attaining a reference frequency at the inflection point temperature. Accordingly, the temperature compensation of the 
oscillation frequency of a quartz oscillator can be definitely carried out in the entire range of the ambient temperature T a . 

so [01 1 3] Figures 23(a) through 23(d) are graphs for illustrating variation of the control voltage Vc through the adjust- 
ment of the temperature compensating parameters a. p and y and the inflection point temperature Tj. Figure 23(a) 
shows the variation derived from the cubic temperature characteristic parameter a, Figure 23(b) shows the variation 
derived from the linear temperature characteristic parameter p, Figure 23(c) shows the variation derived from the zero- 
order temperature characteristic parameter y, namely, the voltage difference from the voltage for attaining the reference 

55 frequency at the inflection point temperature, and Figure 23(d) shows the variation derived from the inflection point tem- 
perature T|. 

[0114] As is shown in Figure 23(a), when the cubic temperature characteristic parameter a is changed, the abso- 
lute values at the minimum point and the maximum point are decreased, and as is shown in Figure 23(b), when the lin- 
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ear temperature characteristic parameter p is changed, the temperature characteristic is rotated about the inflection 
point temperature T t (i.e.. the inflection point). Also, as is shown in Figure 23(c). when the zero-order temperature char- 
acteristic parameter y is changed, the so-called y-intercept is moved. Furthermore, as is shown in Figure 23(d). when 
the inflection point temperature Tj is changed, the characteristic graph is moved in the X-axis direction. 
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EMBODIMENT 3 



[01 15] A third embodiment of the invention will now be described with reference to the accompanying drawings. 
[01 1 6] Figure 24 is a functional block diagram for illustrating the adjustment of an oscillation frequency in a temper- 
ature compensating crystal oscillation device according to the third embodiment. In Figure 24. like reference numerals 
are used to refer to like elements shown in Figure 1. and the description is omitted. In this embodiment, the constant 
voltage circuit 12. the temperature sensor circuit 13. the control circuit 14. the VCXO 15 and the ROM/RAM circuit 16 
as optimizing means have the configurations equivalent to those of the first embodiment. Furthermore, as is shown in 
Figure 24, the temperature compensating crystal oscillation device 10A of this embodiment is provided with a switch 
SW1 for connecting/disconnecting the control circuit 1 4 and the VCXO 15. 

[0117] In general, each quartz oscillator included in the VCX0 15 has fluctuation in the AT cut angle, the frequency 
difference from a reference frequency at an inflection point temperature and the inflection point temperature T s There- 
fore, it is necessary to adjust the oscillation frequency of the VCX0 15 within a range of +2.5 ppm before shipping. 
[01 1 8] The crystal oscillation device of this embodiment has the switch SW1 between the control circuit 1 4 and the 
VCX0 15. Therefore, the crystal oscillation device can definitely cope with a RAM mode and a ROM mode as follows: 
In the RAM mode, externally input data including the temperature compensating parameters are input to the RAM data 
input circuit 161 of the ROM/RAM circuit 16 through the external data input terminal DATA and the control voltage Vc 
is adjusted by using the data of the RAM data input circuit 161 . so as to determine an optimal voltage characteristic. In 
the ROM mode, data selected in the RAM mode are written in a ROM portion of the ROM/RAM circuit 16 and the ROM 
data are read under actual use conditions, so as to output a control voltage Vc in accordance with the ambient temper- 
ature T a . 

[01 1 9] The method of adjusting the oscillation frequency of the temperature compensating crystal oscillation device 
10A having the aforementioned configuration will now be described with reference to the accompanying drawing. 
[0120] Figure 25 is a flowchart for the method of adjusting the crystal oscillation device of this embodiment. 
[0121] First, in a peculiar control voltage measuring step ST1 , the switch SW1 of Figure 24 is opened, one input 
terminal of a PLL circuit 51 is connected with the output terminal tout of the VCXO 15, and a predetermined frequency 
fO independent of the ambient temperature is input to the other input terminal of the PLL circuit 51 . Thus, an external 
control voltage Vcext is adjusted so that the oscillation frequency f output from the output terminal tout can be equal 
to the predetermined frequency fO. Then, after the crystal oscillation device 1 0A to be adjusted is placed in a constant 
temperature oven, the external control voltage Vcext is measured with the arrfaient temperature changed from a low 
temperature to a high temperature. In this manner, a peculiar control voltage VcO, that is, an ideal control voltage at 
which the variation of the oscillation frequency f of the VCX0 15 caused by the temperature is 0, is obtained. 
[0122] Next, in a peculiar parameter determining step ST2. on the basis of the temperature characteristic of the 
peculiar control voltage VcO. parameters of a control signal corresponding to the cubic temperature coefficient, the lin- 
ear temperature coefficient, the frequency difference from the reference frequency at the inflection point temperature 
and ttie inflection point temperature are calculated, and peculiar parameters are defined as c^, p 0> Yo and T^. respec- 

[0123] Then, in an initial control voltage characteristic measuring step ST3. a switch SW2 is opened with the switch 
SW1 short-circuited and the device is set in the RAM mode. Then, the temperature characteristic of an initial control 
voltage Vc1 of the control circuit 14 is measured as well as change of the temperature characteristic of the initial control 
voltage Vc1 in accordance with change of data corresponding to the respective parameters input to the RAM is meas- 
ured. 

[01 24] Next, in an initial parameter determining step ST4, on the basis of the temperature characteristic of the initial 
control voltage Vd, parameters for initial temperature compensation of the initial control voltage Vc1 corresponding to 
so the cubic temperature coefficient, the linear temperature coefficient, the frequency difference from the reference fre- 
quency at the inflection point temperature and the inflection point temperature of the quartz oscillator are calculated and 
defined as c^, p 1f T1 and T M . respectively. 

[0125] Subsequently, in a temperature compensating parameter change calculating step ST5. the amounts of 
change corresponding to 1 bit of the respective parameters as the RAM data are calculated and defined as Ao. AB Ay 
55 ATj, respectively. 

[0126] Then, in a peculiar parameter/initial parameter difference calculating step ST6. differences in the corre- 
sponding parameters between o^, p 0 , Yo and and cu,, Y1 and T S1 are calculated. 

[01 27] Next, in an optimal parameter determining step ST7, on the basis of Act. Ap, Ay and ATj calculated in the tern- 
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perature compensating parameter change calculating step ST5, optimal parameters are determined so that the differ- 
ences in the parameters calculated in the peculiar parameter/initial parameter difference calculating step STB can be 
approximated to zero. 

[0128] Then, in an oscillation frequency characteristic confirming step STB, the determined optimal parameters are 
written in the PROM circuit 1 62. and the device is set in the ROM mode. Then, the crystal oscillation device 10A to be 
adjusted is placed in a constant temperature oven again, and the temperature characteristic of the oscillation frequency 
I is measured, so as to confirm that the temperature dependency is set within a predetermined range. In the case where 
the temperature dependency exceeds the predetermined range, the procedure returns to an appropriate upstream 
step, and re-adjustment is carried out. 

[01 29] In this manner, according to this embodiment, the adjustment for suppressing the temperature dependency 
of the oscillation frequency within a predetermined range can be definitely realized with regard to the fluctuation of the 
AT cut angle, the fluctuation of the frequency difference from the reference frequency at the inflection point temperature 
and the fluctuation of the inflection point temperature of a quartz oscillator. 

[0130] Moreover, the procedures of the peculiar control voltage measuring step ST1 , the peculiar parameter deter- 
mining step ST2, the initial control voltage characteristic measuring step ST3, the initial parameter determining step 
ST4, the temperature compensating parameter change calculating step ST5, the peculiar parameter/initial parameter 
difference calculating step ST6, the optimal parameter determining step ST7 and the oscillation frequency characteris- 
tic confirming step STB can be automatically performed by using a personal computer or the like. Therefore, by writing 
optimal parameters in accordance with each quartz oscillator in the ROM and automatically confirming the oscillation 
frequency by using the ROM data, time required for the entire process for adjusting the crystal oscillation device can be 
largely decreased and the accuracy can be remarkably improved. 

Claims 

1 . A function generator for generating a control signal as a function of a temperature, comprising : 

a first analog signal generating circuit for generating and outputting a predetermined analog signal independ- 
ent of an ambient temperature; 

a second analog signal generating circuit for outputting an analog signal dependent upon the ambient temper- 
ature; and 

a control circuit for receiving said signal from said first analog signal generating circuit and said signal from said 
second analog signal generating circuit, and for generating, with a feasible range of the ambient temperature 
continuously divided into a first temperature region, a second temperature region, a third terrperature region, 
a fourth temperature region and a fifth temperature region in this order along a direction from a low terrperature 
to a high temperature, control signals respectively corresponding to said five temperature regions, 
wherein said control circuit outputs: 

a first control signal whose output value is varied in proportion to increase of the temperature at a first 
change rate when the ambient temperature is in said first temperature region; 

a second control signal whose output value is continuous with said first control signal and is a predeter- 
mined value independent of the temperature when the ambient temperature is in said second terrperature 
region; 

a third control signal whose output value is continuous with said second control signal and is varied in pro- 
portion to increase of the temperature at a second change rate when the ambient temperature is in said 
third temperature region; 

a fourth control signal whose output value is continuous with said third control signal and is a predeter- 
mined value independent of the temperature when the ambient temperature is in said fourth temperature 
region; and 

a fifth control signal whose output value is continuous with said fourth control signal and is varied in pro- 
portion to increase of the temperature at a third change rate having the same polarity as said first change 
rate. 

2. The function generator of Claim 1 , 

wherein said analog signal is a voltage signal, said first and third change rates are negative rates, and said second 
change rate is a positive rate. 

3. The function generator of Claim 1 , 

wherein, on a graph of said first control signal, said second control signal, said third control signal, said fourth con- 
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trol signal and said fifth control signal for representing a temperature characteristic of a quartz oscillator against the 
ambient temperature, said first control signal and said fifth control signal are point -symmetrical about a coordinate 
point on said graph determined by a temperature of an inflection point of an oscillation frequency of said quartz 
oscillator and a value of said third control signal at said temperature of the inflection point, 

said second control signal and said fourth control signal are point-symmetrical about said coordinate point, and 
said third control signal is point-symmetrical about said coordinate point. 

The function generator of Claim 1, further comprising storage means, 

wherein, when the ambient temperature is in said first temperature region, said storage means has a first propor- 
tion value for defining a relationship between a proportional coefficient between a temperature used for generating 
said first control signal and the output value thereof and a cubic coefficient of a temperature characteristic of an 
oscillation frequency of a quartz oscillator, and said first proportion value is output to said control circuit, 

15 when the ambient temperature is in said second temperature region, said storage means has a second pro- 

portion value for defining a relationship between a constant between a temperature used for generating said 
second control signal and the output value thereof and said cubic coefficient and said second proportion value 
is output to said control circuit. 

when the ambient temperature is in said third temperature region, said storage means has a third proportion 
20 value for defining a relationship between a proportional coefficient between a temperature used for generating 

said third control signal and the output value thereof and said cubic coefficient, and said third proportion value 
is output to said control circuit, 

when the ambient temperature is in said fourth temperature region, said storage means has a fourth proportion 
value for defining a relationship between a constant between a temperature used for generating said fourth 
25 control signal and the output value thereof and said cubic coefficient, and said fourth proportion value is output 

to said control circuit, 

when the ambient temperature is in said fifth temperature region, said storage means has a fifth proportion 
value for defining a relationship between a proportional coefficient between a temperature used for generating 
said fifth control signal and the output value thereof and said cubic coefficient, and said fifth proportion value 
30 is output to said control circuit, and 

said storage means stores said first proportion value, said second proportion value, said third proportion value, 
said fourth proportion value and said fifth proportion value. 

5. The function generator of Claim 1 , 
35 wherein said control circuit includes: 

a first NPN transistor whose collector is supplied with a supply voltage, whose base is supplied with a first elec- 
tric signal decreasing in proportion to the ambient temperature and whose emitter is connected with an input 
of a first current source; 

40 a second NPN transistor whose collector is supplied with the supply voltage, whose base is supplied with a 

second electric signal retaining a predetermined value independent of the ambient temperature and whose 
emitter is connected with the input of said first current source; 

a third NPN transistor whose collector is supplied with the supply voltage, whose base is supplied with a third 
electric signal increasing in proportion to the ambient temperature and whose emitter is connected with the 
45 input of said first current source; 

a fourth NPN transistor whose collector and base are connected with an output of a second current source hav- 
ing a current value a half as large as a current value of said first current source and whose emitter is connected 
with the input of said first current source; 

a first PNP transistor whose base is connected with the collector of said fourth NPN transistor, whose emitter 
so is connected with an output of a third current source and whose collector is grounded; 

a second PNP transistor whose base is supplied with a fourth electric signal retaining a predetermined value 
independent of the ambient temperature, whose emitter is connected with the output of said third current 
source and whose collector is grounded; 

a third PNP transistor whose base is supplied with a fifth electric signal decreasing in proportion to the ambient 
55 temperature, whose emitter is connected with the output of said third current source and whose collector is 

grounded; and 

a fourth PNP transistor whose emitter is connected with the output of said third current source and whose col- 
lector and base are connected with an input of a fourth current source having a current value a halt as large as 
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a current value of said third current source. 

said fourth NPN transistor selects an electric signal having a maximum voltage value among said first electric 
signal, said second electric signal and said third electric signal and outputs said selected electric signal at the 
collector thereof as a sixth electric signal. 
5 said fourth PNP transistor selects an electric signal having a minimum voltage value among said fourth electric 

signal, said fifth electric signal and said sixth electric signal and outputs said selected electric signal at the col- 
lector thereof as a seventh electric signal, and 

said control circuit outputs said seventh electric signal as said control signal. 

10 6. The function generator of Claim 5. 

wherein a first resistance is serially connected between the emitter of said first NPN transistor and said first current 
source. 

a second resistance is serially connected between the emitter of said second NPN transistor and said first cur- 
is rent source, 

a third resistance is serially connected between the emitter of said third NPN transistor and said first current 
source. 

a fourth resistance is serially connected between the emitter of said fourth NPN transistor and said first current 
source. 

20 a fifth resistance is serially connected between the emitter of said first PNP transistor and said third current 

source. 

a sixth resistance is serially connected between the emitter of said second PNP transistor and said third cur- 
rent source. 

a seventh resistance is serially connected between the emitter of said third PNP transistor and said third cur- 
25 rent source, and 

an eighth resistance is serially connected between the emitter of said fourth PNP transistor and said third cur- 
rent source. 

A crystal oscillation device comprising: 

a first analog signal generating circuit for generating and outputting a predetermined analog signal independ- 
ent of an ambient temperature; 

a second analog signal generating circuit for generating and outputting an analog signal dependent upon the 
ambient temperature; 

a control circuit for receiving said signal from said first analog signal generating circuit and said signal from said 
second analog signal generating circuit, and for generating, with a feasible range of the ambient temperature 
continuously divided into a first temperature region, a second temperature region, a third terrperature region, 
a fourth temperature region and a fifth temperature region in this order along a direction from a low temperature 
to a high temperature, control signals respectively corresponding to said five temperature regions; and 
a crystal oscillating circuit for receiving a control signal from said control circuit so as to be controlled to have 
an oscillation frequency at a predetermined value by said control signal, 

wherein said control circuit compensates a temperature dependency of the oscillation frequency output by said 
crystal oscillating circuit by outputting: 

a first control signal whose output value is decreased in proportion to increase of the temperature when 
the ambient temperature is in said first temperature region; 

a second control signal whose output value is continuous with said first control signal and is a predeter- 
mined value independent of the temperature when the ambient temperature is in said second temperature 
region; 

a third control signal whose output value is continuous with said second control signal and is increased in 
proportion to increase of the temperature when the ambient temperature is in said third temperature 
region; 

a fourth control signal whose output value is continuous with said third control signal and is a predeter- 
mined value independent of the temperature when the ambient temperature is in said fourth terrperature 
55 region; and 

a fifth control signal whose output value is continuous with said fourth control signal and is decreased in 
proportion to increase of the temperature when the ambient temperature is in said fifth temperature region. 
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8. The crystal oscillation device of Claim 7. 

wherein, on a graph of said first control signal, said second control signal, said third control signal, said fourth con- 
trol signal and said fifth control signal for representing a temperature characteristic of a quartz oscillator against the 
ambient temperature, said first control signal and said fifth control signal are point-symmetrical about a coordinate 
point on said graph determined by a temperature of an inflection point of an oscillation frequency of said quartz 
oscillator and a value of said third control signal at said temperature of the inflection point, 

said second control signal and said fourth control signal are point-symmetrical about said coordinate point and 
said third control signal is point-symmetrical about said coordinate point. 

9. The crystal oscillation device of Claim 7, further comprising storage means, 

wherein, when the ambient temperature is in said first temperature region, said storage means has a first propor- 
tion value for defining a relationship between a proportional coefficient between a temperature used for generating 
said first control signal and the output value thereof and a cubic coefficient of a temperature characteristic of an 
oscillation frequency of a quartz oscillator, and said first proportion value is output to said control circuit, 

when the ambient temperature is in said second temperature region, said storage means has a second pro- 
portion value for defining a relationship between a constant between a temperature used for generating said 
second control signal and the output value thereof and said cubic coefficient and said second proportion value 
is output to said control circuit, 

when the ambient temperature is in said third temperature region, said storage means has a third proportion 
value for defining a relationship between a proportional coefficient between a temperature used for generating 
said third control signal and the output value thereof and said cubic coefficient, and said third proportion value 
is output to said control circuit, 

when the ambient temperature is in said fourth temperature region, said storage means has a fourth proportion 
value for defining a relationship between a constant between a temperature used for generating said fourth 
control signal and the output value thereof and said cubic coefficient and said fourth proportion value is output 
to said control circuit, 

when the ambient temperature is in said fifth temperature region, said storage means has a fifth proportion 
value for defining a relationship between a proportional coefficient between a temperature used for generating 
said fifth control signal and the output value thereof and said cubic coefficient, and said fifth proportion value 
is output to said control circuit, and 

said storage means stores said first proportion value, said second proportion value, said third proportion value, 
said fourth proportion value and said fifth proportion value. 

10. The crystal oscillation device of Claim 7, 
wherein said control circuit includes: 

a first NPN transistor whose collector is supplied with a supply voltage, whose base is supplied with af irst elec- 
tric signal decreasing in proportion to the ambient temperature and whose emitter is connected with an input 
of a first current source; 

a second NPN transistor whose collector is supplied with the supply voltage, whose base is supplied with a 
second electric signal retaining a predetermined value independent of the ambient temperature and whose 
emitter is connected with the input of said first current source; 

a third NPN transistor whose collector is supplied with the supply voltage, whose base is supplied with a third 
electric signal increasing in proportion to the ambient temperature and whose emitter is connected with the 
input of said first current source; 

a fourth NPN transistor whose collector and base are connected with an output of a second current source hav- 
ing a current value a half as large as a current value of said first current source and whose emitter is connected 
with the input of said first current source; 

a first PNP transistor whose base is connected with the collector of said fourth NPN transistor, whose emitter 
is connected with an output of a third current source and whose collector is grounded; 
a second PNP transistor whose base is supplied with a fourth electric signal retaining a predetermined value 
independent of the ambient temperature, whose emitter is connected with the output of said third current 
source and whose collector is grounded; 

a third PNP transistor whose base is supplied with a fifth electric signal decreasing in proportion to the ambient 
temperature, whose emitter is connected with the output of said third current source and whose collector is 
grounded; and 
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a fourth PNP transistor whose emitter is connected with the output of said third current source and whose col- 
lector and base are connected with an input of a fourth current source having a current value a half as large as 
a current value of said third current source. 

5 said fourth NPN transistor selects an electric signal having a maximum voltage value among said first elec- 

tric signal, said second electric signal and said third electric signal and outputs said selected electric signal 
at the collector thereof as a sixth electric signal, 

said fourth PNP transistor selects an electric signal having a minimum voltage value among said fourth 
electric signal, said fifth electric signal and said sixth electric signal and outputs said selected electric sig- 
10 nal at the collector thereof as a seventh electric signal, and 

said control circuit outputs said seventh electric signal as said control signal. 

11. The crystal oscillation device of Claim 10, 

wherein a first resistance is serially connected between the emitter of said first NPN transistor and said first current 
is source. 

a second resistance is serially connected between the emitter of said second NPN transistor and said first cur- 
rent source, 

a third resistance is serially connected between the emitter of said third NPN transistor and said first current 
20 source. 

a fourth resistance is serially connected between the emitter of said fourth NPN transistor and said first current 
source. 

a fifth resistance is serially connected between the emitter of said first PNP transistor and said third current 
source, 

25 a sixth resistance is serially connected between the emitter of said second PNP transistor and said thircfccur- 

rerrt source. 

a seventh resistance is serially connected between the emitter of said third PNP transistor and said third cur- 
rent source, and 

an eighth resistance is serially connected between the emitter of said fourth PNP transistor and said third cur- 
30 rent source. 

1 2. The crystal oscillation device of Claim 7, further comprising: 

a RAM circuit for storing parameters, for compensating the temperature dependency of the oscillation fre- 
35 quency of said crystal oscillating circuit, of said first through fifth control signals output by said control circuit, 

with varying each of said parameters with regard to each of said control signals; and 

a programmable ROM circuit for storing optimal parameters of said parameters with regard to each of said con- 
trol signals. 

40 13. The crystal oscillation device of Claim 7, further comprising: 

optimizing means for optimizing said control signals output by said control circuit independently of one another 
and in accordance with a cubic temperature coefficient, a linear temperature coefficient, a frequency difference 
from a reference frequency at a temperature of an inflection point and said temperature of the inflection point 
45 of the temperature dependency of the oscillation frequency of said crystal oscillating circuit. 

1 4. A method of adjusting a crystal oscillation device including a first analog signal generating circuit for generating and 
outputting a predetermined analog signal independent of an ambient temperature: a second analog signal gener- 
ating circuit for generating and outputting an analog signal dependent upon the ambient temperature; a control cir- 

so cuit for receiving said signal from said first analog signal generating circuit and said signal from said second analog 
signal generating circuit, and for generating, with a feasible range of the ambient temperature continuously divided 
into a first temperature region, a second temperature region, a third temperature region, a fourth temperature 
region and a fifth temperature region in this order along a direction from a low temperature to a high temperature, 
control signals respectively corresponding to said five temperature regions; a crystal oscillating circuit for receiving 

55 a control signal from said control circuit so as to be controlled to have an oscillation frequency at a predetermined 
value by said control signal; a RAM circuit for storing parameters, for compensating a temperature dependency of 
the oscillation frequency of said crystal oscillating circuit, of said first through fifth control signals output by said con- 
trol circuit, with varying each of said parameters with regard to each of said control signals; and a programmable 
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ROM circuit for storing optimal parameters of said parameters with regard to each of said control signals, said con- 
trol circuit outputting a first control signal whose output value is decreased in proportion to increase of the temper- 
ature when the ambient temperature is in said first temperature region; a second control signal whose output value 
is continuous with said first control signal and is a predetermined value independent of the temperature when the 
ambient temperature is in said second temperature region; a third control signal whose output value is continuous 
with said second control signal and is increased in proportion to increase of the temperature when the ambient tem- 
perature is in said third temperature region; a fourth control signal whose output value is continuous with said third 
control signal and is a predetermined value independent of the temperature when the ambient temperature is in 
said fourth temperature region; and a fifth control signal whose output value is continuous with said fourth control 
signal and is decreased in proportion to increase of the temperature when the ambient temperature is in said fifth 
temperature region, said method comprising: 

a peculiar parameter determining step of determining peculiar parameters by allowing said crystal oscillation 
device to stand at a temperature continuously varying from said first temperature region to said fifth tempera- 
ture region and by calculating parameters of said control signals respectively corresponding to a cubic temper- 
ature coefficient, a linear temperature coefficient, a frequency difference from a reference frequency at a 
temperature of an inflection point and said temperature of the inflection point of the temperature characteristic 
of said crystal oscillating circuit so as to make variation of the oscillation frequency output by said crystal oscil- 
lating circuit caused by the temperature substantially zero; 

an initial parameter determining step of determining initial parameters by measuring an initial temperature 
characteristic of said control signals output by said control circuit and by calculating the parameters of said 
control signals respectively corresponding to said cubic temperature coefficient, said linear temperature coef- 
ficient, said frequency difference from the reference frequency at said temperature of the inflection point and 
said temperature of the inflection point; and 

an optimal parameter writing step of obtaining change amounts of said control signals per unit of data corre- 
sponding to temperature compensating parameters stored in said RAM circuit by measuring a change amount 
of said initial temperature characteristic with changing said data corresponding to said temperature compen- 
sating parameters, obtaining differences between said initial parameters and said peculiar parameters, deter- 
mining optimal parameters of said control signals so as to minimize said differences on the basis of said 
change amounts of said control signals per unit of said data, and writing said optimal parameters in said ROM 
circuit. 
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Fig. 2 
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Fig. 3 
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Fig. 6 
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Fig. 10 
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Fig. 11(a) 
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Fig. 12 




BNSDOCID: <EP 0998022A1 I > 



38 



EP 0 998 022 A1 



Fig. 13 
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Fig. 14 
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Fig. 16(a) 



fo 



A 








f / 






10~ 


30ppm 


> 



To 



Ti 



Ts 



-» Ta 



Fig. 16(b) 




To Ti T2 Ti T3 T4 Ts 



Ta 



Fig. 16(c) 



Af=f-fO 
A 



0 



To Ti T2 T» Ta T 4 Ts 



-> Ta 



42 



BNSDOCID: <EP 0998082A1 I > 



EP 0 998 022 A1 



Fig. 17(a) 
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Fig. 19(a) 
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Fig. 22 
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Fig. 23(a) 
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Fig. 25 
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Fig. 26 (a) 
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Fig. 28(a) 
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